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‘Itinerary for Members 
of American Dairy Science Association 
Western Meeting 1931 


4 ew final completed itinerary of the July meeting shows that 
this will be an outstanding one from the standpoint of combin- 
ing sight seeing with business... There will be an excellent opportu- 
nity to view scenery and dairying, and to enjoy that equally famous 
western hospitality. The schedule is as follows: 


July 7ih_— Arrive at Los Angeles by 9 A.M. This includes members who come by 
automobile as well as these: who come by train. Visit. Moving Picture 
Studios; Beaches and other points of interest. Luncheon at Beach Club 
as guests of the Los Angeles Milk Dealers’ Association. 

July 8 =7 AM. Those traveling by automobile leave for Merced: (specially con- 
ducted). Visit oil fields en route. - 
Those traveling by train continue sightseeing and visiting dairy plants and 
farms in Los Angeles and vicinity. Leave 6 P.M. for Merced. 
Merced to Yosemite Valley by State Highway. Automobile transportation 
furnished for those who come by train. 
Leave Yosemite 7 A.M. for Merced, Los Banos, Stanford University, Mill- 
brae Dairy and San Francisco: Automobile transportation furnished. 

menttin developing healthy dairy cattle from badly infected herd.) 

Sightseeing San Francisco:. Instruction in Judging Dairy Products during 
afternoon. 
Rest—San Francisco. 
Leave San Francisco by automobile for University of California, Berkeley. 
Points. of interest: Greek Theatre, Stadium, International House, Campa- 
nile, Library, Agriculture Buildings. 
Luncheon on Campus. 
Visit Agriculture Extension and Agriculture Economics Departments. 
Leave’ 2:30 P.M. by automobile for University Farm, Davis. 

July 14th Formal program—American Dairy Science Association, University. Farm, 
Davis. 

July 15th Special trip for Ladies to Lake Tahoe and Sierra Nevada Mountains, 

July 16th & A.M. Davis to Hartsook Lodge, Redwood Highway. Barbecue lunch 
en route.as guests of the Lake County Farm Bureau. Transportation fur- 
nished by members of California Dairy Council. ee. 

July 17th THartsook Lodge to Eureka over Redwood Highway. Transportation 
furnished by members of California Dairy Council. Visit Dairy Farms 
and Plants en route. Entertainment by Humboldt County Dairymen’s 

2 Association. 

July 18th. Eureka to Grant’s Pass over Redwood Highway. Transportation furnished 
by members of California. Dairy Council. 

July 19th . Grant’s Pass, Oregon, to Corvallis. by train. 


Tours to continue through Oregon, Washington and: 
other Western. States and Vancouver, as desired 


Entered se second-class matter June 9, 1917 at the Postoffice at Baltimore, Maryland, under the act of. March 3, 1879. 
Copyright, 1931, by The Williams & Wilkins Compiiny 
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COMPLETE STERILIZATION 
ABSOLUTE CLEANLINESS 


The CABINET COOLER 


CHERRY- BURRELL 


this new cooler, acclaimed by leading engineers and plant operators 

as one of Cherry-Burrell’s most important contributions to the dairy 

industry, unusual cooling efficiency goes hand in hand with a degree of 
sanitation hitherto unequalled. 


With side covers closed, the milk flowing through the CABINET 
COOLER is completely shielded against dust, dirt or any atmospheric 
impurities. 

With side covers opened, the 
CABINET COOLER is 
accessible for cleaning—for thoroug 
cleaning in all its parts. 


With side covers closed, the CABI- 
NET COOLER forms a true sterilizing 
chest and may be completely sterilized 
with steam. 


We will be glad to give you further 
details of this truly remarkable ad- 
vancement in cooling. 


CvHerry- BURRELL GorPORATION 


427 W. RANDOLPH STREET, CHICAGO 
BALTIMORE COLUMBUS PITTSBURGH 
BOSTON DETROIT PHILADELPHIA 
CEDAR RAPIDS LITTLE FALLS ST. PAUL 
CINCINNATI MILWAUKEE SYRACUSE 
CLEVELAND NEW YORK CITY 


CHERRY -BURRELL CORPORATION OF CANADA, Ltp. 
BROCKVILLE, ONT. 
EXPORT OFFICE — 31 UNION SQUARE, NEW YORK CITY 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Testing for Cleanliness 


HILE simple tests quickly prove many of the values of 
Wyandotte cleanliness, the principal advantage of Wyandotte 
is conclusively demonstrated by the results it produces. 

Cleaner, more sanitary equipment, longer life for machinery, time 
and money saved, and above all—better dairy products,—these are 
the results where Wyandotte is used. 

If you are not already using Wyandotte, it will pay you well to 
let one of the practical Wyandotte Service Men show you how it can 
solve your cleaning problems. 


Order from your Supply Man 
or write for detailed 
information 


andolle 


Cleaner and Cleanse” 


Tue J. B. Forp Company Wyandotte, Michigan 


Your advertisement is being read in every State and’in 25 Foreign Countries 
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Not a Degree or Iwo 


This remarkable 
heater at Bow- 
man’s new plant 
handles either milk 
or unusually heavy 
cream. Also part 
of a regenerative 
heater-cooler sys- 
tem for pasteuriz- 
ing milk. 


The Bowman Dairy Company has solved 
the problem of temperature regulation on 
heavy cream. 


A CP Double Tube Precision Heater 
equipped with CP Patented Dual Tem- 
perature Control is holding temperatures, 
not within a degree or two, but within a 
tenth or two! 


Because it controls the heating so per- 
fectly, this heater produces cream and milk 
with a perfect natural taste and insures a 
deep cream line. 


And because it does double duty, changing 
from cream to milk heating without manual 
setting of controller, it will permit new 
economies that help make profits. 


This heater employs the two-stage prin- 
ciple. The Dual Control feature consists 
. of an additional con- 


having an antic- 
ipator bulb in 
the milk line. 
Each stage has 
itsown hot water 
circulation. So perfect is the result that 
regardless of the rate of flow, or the initial 
temperature, the outgoing milk tempera- 
ture seldom varies more than 0.1 degree F. 


Without obligation, we will be glad to 
furnish actual operating data. Ask the 
nearest office for full information. 


THE CREAMERY PACKAGE MFG. 
COMPANY 

Atlanta, Boston, Brooklyn, Buffalo, Chicago, 

Denver, Kansas City, Los Angeles, Min- 

neapolis, Omaha, Philadelphia, Portland, 

Ore., San Francisco, Seattle, Toledo, 

Waterloo, Iowa. 


PRECISION HEATING 


Product of Creamery Package Engineering Leadership 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Look for the Name 
NAFIS 
Under the ‘‘Spot’”’ 


Nafis Automatic Acidity Test 448 


UICKLY and accurately deter- 

mines percentage of acidity of 
milk, cream, whey, starter, buttermilk, 
churn wash water and ice cream mix. 
Has special reservoir flask graduated 
for correct dilution of neutralizer, also 
graduated burette reading direct in per- 
centage of acidity (lactic acid). Burette 
instantly readjusts itself to zero. Ac- 
curate§ simple,|rapid and economical. 
Will repay its cost many times over— 
no dairy industry plant should be with- 
out it. 


TEST 


Business Builder! 


N INTELLIGENT business man was 

once asked which of two tires—a well- 

known or an unknown—he would select, the 
price being equal. 

With a whimsical grin, he responded, ‘Oh, the well- 
known tire, of course! I would pay more money for that 
—I know what it is.” 

Since the day in 1899, when Louis F. Nafis commenced 
to specialize in test glassware of super-accuracy and 
quality, NAFIS good will has spread over the world in 
an ever widening circle. 

Thousands of careful laboratory men have come to 
know and use NAFIS Glassware. They recognize its 
strength and toughness, due to thorough annealing. 
They appreciate the guarantee of absolute accuracy— 
99.97% of bottles retested are correct by State records. 
They like the convenience of the distinct, easily read 
scales and the tooled bottle necks that permit easy filling. 
They realize that in accurate tests delivered, NAFIS bottles 
are the most economical at any price. 

The growing reputation of NAFIS Test Glassware 
for dependable quality is its best salesman. 

Sold by reliable Supply Houses. Write for our in- 

. structive catalog containing directions for many tests. 


LOUIS F. NAFIS, INC. 


17-23 N. Desplaines St., Chicago 


The Standard of Excellence 


Your advertisement is being read in every State, and in 25 Foreign Countries 


5 

ay, 
A Good Name is the Best | 


6 JOURNAL OF DAIRY SCIENCE 


Left: HARDLEY'S LTD., of Auckland, 
New Zealand, built this 2500 gal. 
Nickel-lined, direct expansion type 
creom storage vat for the East 
Dairy of A A 


Below: Three 4000 gal. Nickel-lined 
storage vats en route to California 
Dairies, Ltd., los Angeles. These 
were built by CHERRY-BURRELL 


AROUND THE \ 


CORP., Chicago, 


pure N. 


STORA AGE Ti 


EW ZEALAND agrees with New York that nothing equals 
Pure, Solid Nickel for milk storage equipment. In modern 
dairies in many parts of the world, Nickel has become the ac- 
cepted material for tanks, holders and similar equipment where 


maximum protection, cleanliness and durability are paramount. 


Sweet milk and cream stored in Nickel-lined tanks is safely The Borden Co. 
protected against contamination or impairment of flavor, for California Dairies 
Nickel is highly resistant to corrosion. Nickel's glass-smooth, Culynadetengee 
non-porous surface facilitates easy, thorough cleaning so that se 
stale odors are never retained from previous batches. Dairies 
that use Nickel tanks report that this modern equipment helps Bresso 95 ae. 
reduce bacteria count. Sheffield Forms Co. 

Solid Nickel tanks are rust-proof and strong as steel. They Saginaw Dairy Co. 
have no coating to chip, crack or wear off. They withstand East Chicago Dairy Co. 
years of rigorous daily service, depreciate very slowly and Breakstone Bros. 
keep repair and replacement costs at rock-bottom. Write for Brown & Baily Condensed Milk Co. 

Wenzer Dairy 


further information about this modern, money-saving metal 
in the dairy industry. 
Send for “Technical Publication No. 192” 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street, New York, N.Y. 


WORLD-WIDE ACCEPTANCE 
OF NICKEL STORAGE TANKS 
1S REFLECTED BY THESE 
REPRESENTATIVE USERS 


Merchants’ Creamery Co. 
H. A. Job Ltd., London, England 


Royal Arsenal Co-op. Society, 
Woolwich, England 


LaRose Perganson Dairies, France 


East Taroncki Dairy Co., 
Auckland, New Zealand 


Whangarei Dairy Co. 
Whangarie, New Zealand 


Le Lechera deCuba, Havana, Cuba 
Kennedy & Co., Glasgow, Scotiand 
Union MilkCo.,Ltd., Caigary,Can. 


Your advertisement is being read in every State and in:25 Foreign Countries 
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INVISIBLE QUALITY 


VALUABLE 


KIMBLE 
FEATURES 


], Babcock Bottles re- 
annealed and strain- 
free. 
2. Easy - to- write - on 
sand-blasted Labels. 
3. Durable black fused- 
in enamel on Bab- 
cock Bottles. 


4 “Turque Blue” 
* fused-in markings on 
Pipettes, Burettes, 
and Acid Measures. 


the dairy chemist, accuracy of test 
and control is of vitalimportance. His 
laboratory glassware is his chief aid in 
maintaining quality, purity and sales 
appeal in his finished products. 
America’s outstanding creameries and 
dairy produce plants rely upon Kimble 
Glassware to give them the positive 
results and absolute accuracy they de- 
mand. For Kimble Glassware is fabri- 
cated with the most exacting care in 
one of the finest, most modernly 
equipped plants of its kind in the world. 
Kimble Glassware is re-tempered to 
remove strains and weak spots. All 
calibration lines and numerals are “acid 
etched” for greater sharpness, accuracy 
and legibility. Standardize on Kimble 
Glass—and rely on it—for long service 
and dependability. 
Kimble Glassware is carried by leading 
Dairy Supply Houses throughout the country 
Kimble Glass Company. Vineland, N. J. 
Soles Offices in 
New York, Chicage, Detroit, Philodelphic ond Boston 


AX GLASSWARE OF ASSURED ACCURACY 


Your advertisement is being read in every State and in 25 Foreign Countries 


THE VISIBLE GUARANTEE OF 
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FOR BOWMAN’S MAGNIFICENT RIVER FOREST 
PLANT PFAUDLER HAS FURNISHED GLASS 
LINED TRANSPORTATION, STORAGE AND 
HOLDING EQUIPMENT IN EXCESS OF 
60,000 GALS:! 


Section of raw milk storage ans at the new River Forest, III., 
1 plant of Bowman Dairy Co., showing six Pfaudler glass lined storage 
tanks of 4,000 gals. capacity each. 
We believe the placement of such a large order with us 
is conclusive evidence of the many practical advantages 
which glass lined steel equipment offers any modern 
dairy operator. 


Bowman uses Pfaudler equipment in all its plants and 
has done so for the past 12 years! 


THE PFAUDLER CO., 1515 Gas & Elec. Bldg., Rochester, N. Y. 


PFAU DLE 


Your advertisement is being read in every State and in 25 Foreign Countries 
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SKIMMILK AS A FEED FOR DAIRY COWS* 


C. H. ECKLES ann E. N. SHULTZ 
Division of Dairy Husbandry, University of Minnesota, St. Paul 


In the butter-producing areas of the United States the proper 
utilization of the by-products is an important economic question. 
Minnesota, for example, with a total butter production of ap- 
proximately 290,000,000 pounds annually has a total of over six 
billion pounds of skimmilk and buttermilk available for use on 
the farms and in the factories. The recommendations of agri- 
cultural authorities have been to use the dairy by-products for 
feeding livestock and the excellent results following this general 
practice are well known. 

In recent years the production of cream for butter manufacture 
has developed in regions where it is not practical to produce 
sufficient grain to make swine production profitable on a large 
scale. The farmer uses all the skimmilk he can as feed for his 
pigs, calves, and chickens and still often has milk on hand. A 
calculation based upon census figures shows that after allowing 
for all the skimmilk that can be used economically by the pigs, 
calves, and poultry in this state a surplus of over a billion pounds 
remains. Most of this is not entirely wasted but is used in ex- 
cessive amounts as feed for livestock. It is well established that 
the special efficiency of skimmilk in the diet of the growing pig 
is due to the excellent quality of the protein which supplements 
the rather low quality proteins of cereals, and to a lesser extent 
to the mineral and vitamins content. The value per unit of 


* Published with approval of the Director as Paper No. 959, Journal Series, 
Minnesota Agricultural Experiment Station. The data used are taken largely . 
from the thesis of E. N. Shultz submitted in partial fulfillment for the degree of 
Master of Science, University of Minnesota, June, 1929. 

Received for publication August 27, 1930. 
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skimmilk in the ration rapidly declines when fed in amounts be- 
yond that needed to supplement the grain. In this case the 
milk solids serve merely as a source of digestible nutrients. 

Records taken by the Division of Farm Management and Agri- 
cultural Economics of the University of Minnesota from a cost 
accounting route including 23 farms in Pine County, Minnesota 
illustrate the situation where a surplus of skimmilk is available. 

With a total milk production of approximately 2,000,000 pounds, 
328,320 pounds of skimmilk were unaccounted for after feeding 
the livestock all that could be used. Twenty-three farms on 
the average fed pigs 1276 pounds of skimmilk for each 100 pound 
of pork produced. On six out of the 23 farms skimmilk was fed 
to cows and on three to the horses as well. On most of the farms, 
curd prepared as in the manufacture of cottage cheese, was fed 
poultry as a means of increasing the consumption. The uneco- 
nomical use of the skimmilk is shown especially by the high rate of 
feeding to swine. As a result of feeding trials by various investi- 
gators it appears well established that the most economical use 
of skimmilk or buttermilk is by feeding it at the rate of about 
525 pounds to the hundred of pork produced. 

The attempt to find economical uses for skimmilk is further 
illustrated by a report from the tester for a Herd Improvement 
Association in Northern Minnesota that 23 out of 26 members 
were feeding skimmilk to cows as the result of recommendations 
by the experiment station. The use of skimmilk in this manner 
appears to be the proper course in view of the situation which 
makes impractical the raising of sufficient swine to consume the 
by-products available and the further fact that the character of 
the crops grown are such that it is necessary on most farms to 
buy high protein concentrates to supplement the farm grown 
feeds. 

The alternative to some such disposal is the organization of 
marketing units to handle whole milk and to utilize the by- 
products for commercial purposes. This may be the ultimate 
solution but until this comes about the skimmilk can be used to 
advantage on the farm in place of high protein concentrates. 

Eight pounds of average skimmilk contains almost exactly the 
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same amount of digestible crude protein and total digestible 
nutrients as one pound of linseed oilmeal. The high biological 
value of milk protein is well known. On these grounds eight 
pounds of skimmilk should equal in feeding value one pound 
of linseed meal. The Dairy Division of the University of Minne- 
sota has recommended that skimmilk be fed to cows when suf- 
ficient numbers of growing pigs, calves, or poultry are not avail- 
able to utilize it in the usual manner. 

In making this recommendation the fact was not overlooked 
that some objection to the practice may be raised from the disease 
standpoint, more especially in connection abortion disease. The 
opinion of the experiment station veterinarians is, that although 
this question may be raised with good reason, it would not seem 
especially serious in view of the fact that where the disease is 
present in a herd the members are subject to possible infection 
in other ways and the feeding of milk is not for this reason par- 
ticularly significant. 

Although in some sections the feeding of skimmilk to cows is 
by no means an uncommon practice, very little experimental 
data are available dealing with the subject. Beach and Clark 
of the Storrs Experiment Station (1) reported a feeding trial with 
24 cows, although only 4 of the number would drink the skimmilk. 
In the trial using three animals, and nine checks skimmilk was 
substituted for half the grain at the rate of eight pounds to one 
of grain. The milk production was approximately 6 per cent 
greater during the period when skimmilk was fed. 

Arnett (2) conducted an eighty-four day trial with two groups 
of 4 cows each. The two groups received the same amount of 
hay, silage, and grain and one group 20 pounds of skimmilk daily 
in addition. The group receiving the skimmilk produced ap- 
proximately 10 per cent more milk. In neither of these experi- 
ments was skimmilk used primarily as a protein supplement which 
is clearly the place it should fill in the ration for the most economi- 
cal results. 

Two German workers, Honcamp and Helms (3), recently re- 
ported a feeding trial in which skimmilk was compared with a 
high protein supplement as part of a ration for lactating cows. 


192 Cc. H. ECKLES AND E. N. SHULTZ 


Using the reversal plan, eight cows were fed for three periods of 
twenty days each with ten days preliminary periods. During 
the first and third periods each cow received 22.5 pounds of skim- 
milk daily. During the second period the skimmilk was replaced 
with soybean oilmeal and dried beet pulp on the basis of starch 
value and digestible protein. The production during the period 
of skimmilk feeding was essentially the same as for the period 
of soybean meal feeding. The authors conclude that although 
skimmilk represents a useful high protein feed, it is best adapted 
for the feeding of pigs and calves. The market value of the skim- 
milk was given as twice its feed equivalent in soybean meal and 
beet pulp. On account of the lower value of skimmilk in the 
United States this conclusion would not apply here. 

Before experimental trials were made it was considered reason- 
ably safe to base recommendations regarding the use of skimmilk 
as part of the ration for dairy cows upon the well established facts 
concerning the composition of skimmilk and the nature of the 
proteins. However, it seemed advisable before going very far, 
to confirm these conclusions by means of some experimental 
results. Accordingly tests were arranged to compare the results 
of replacing linseed oilmeal in the ration with skimmilk on the 
basis of 8 pounds of skimmilk to one of the meal. A trial was 
made with lactating cows and another with growing dairy heifers. 

In the test with cows 9 animals were used following the double 
reversal plan in which group A receiving skimmilk in periods 1 
and 3, and linseed oilmeal in the second period. Group B re- 
ceived the oilmeal in the first and third periods and skimmilk 
during the second period. The periods were 24 days in length 
with a six day transitional period. The grain mixture for both 
groups consisted of ground corn 350, ground barley 250, ground 
oats 200, and bran 200 pounds. The roughage was mixed hay 
and silage. This ration was so selected to require additional 
protein to meet the needs of the cows. During the skimmilk 
periods this necessary protein was supplied by feeding skimmilk 
at the rate of 2 pounds to each pound of the feed mixture used. 
The oilmeal was fed at the rate of one-fourth pound to each 
pound of the grain mixture. During the skimmilk periods 27.7 
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per cent of the digestible crude protein was supplied by the skim- 
milk. The linseed oilmeal supplied 27 per cent of the protein 
during the periods when this concentrate was fed. 

The amount of the ration to be fed was calculated by means 
of the Morrison Standard and adjustments in amount were made 
only during the transition periods. Corn silage was fed at the 
rate of approximately 3 pounds daily per 100 pounds of live 


TABLE 1 
Milk and fat production 
Skimmilk versus linseed oilmeal as protein supplements 


PRODUCTION PER COW GAIN IN 
24-DAY PERIODS WEIGHT 
Milk Fat PER COW 
pounds per cent pounds pounds 
Group A (3 cows): 
28.8 1.19 
2. Linseed oilmeal, 24 days............ 650.8 4.20 27 .36 —29 
3. Skimmilk, 24 days.................. 577.7 4.16 24.04 24 
Group B (4 cows): 
1. Linseed oilmeal, 24 days............ 671.2 4.12 27.68 18 
27.9 1.15 
606.0 4.24 25.70 —12 
3. Linseed oilmeal, 24 days........... 570.5 4.25 24.29 21 


weight. The cows were fed twice daily and milked with a milking 
machine. Complete feed records were kept, weights of the cows 
were taken for three days at the beginning and end of each period, 
and composite milk samples were analyzed for fat at eight-day 
intervals. It was found only one of the seven cows would drink 
theskimmilk. After some preliminary tests the plan was adopted 
of weighing the grain for a particular cow into a container and 
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pouring the desired amount of skimmilk on the grain just previous 
to placing it before the cow. The grain mixture absorbed the 
milk and no loss of skimmilk occurred when the feed wet with the 
milk was placed on top of the silage. 

Table 1 shows the average milk yield for group A was slightly 
in favor of linseed meal, for group B the skimmilk period showed 
asmall lead. This difference is considered too small to be sig- 
nificant. It is recognized that the numbers of cows used was 
rather small but in view of the fact that the results corroborate 
those which would be expected from the known nutritive values 
of the feeds, it seems safe to accept them as indicating the value 
of skimmilk under the condition described. The increase in 
weights of the animals used was probably the result of a slight 
over-feeding due to the calculation of the ration beingmade during 
the transition periods. When this ration was continued without 
change during the twenty-four-day period the natural decline in 
milk production resulted in a small excess of nutrients before 
the end of the period. The loss in weight for both groups during 
the second period is accounted for by weather conditions. The 
experiment was not set up in such a manner as to give indications 
of a possible greater value for milk productions of the proteins 
from the skimmilk because the amount of protein was presumably 
sufficient in the ration received by both groups. 


FEEDING TRIALS WITH HEIFERS 


The value of skimmilk for feeding the calf up to the usual age 
of weaning is well known and is not a part of this consideration. 
It was the purpose to determine if 8 pounds of skimmilk would 
serve the same purpose in the ration as one pound of linseed meal 
for animals between the usual age for milk feeding and maturity. 

Six heifers were used ranging in age from seven to twelve months 
divided into two groups. The trialcovered90 days. The rough- 
age was timothy hay of a good grade. With this was fed a small 
allowance of ground corn supplemented for one group by linseed 
oilmeal, for the other by skimmilk. The low protein roughage 
was selected in order that a fairly large amount of protein would 


| | 
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be necessary as a supplement. The results are given in table 2. 
The comparison in gains is made to the Eckles’ normal figures (4). 

It will be noted that two calves in each lot greatly exceeded 
the normal gain while one in each lot fell behind. The average 
gain of 1.11 pounds per day for the group receiving skimmilk is 
almost identical with the figure 1.14 from the group fed linseed 
oilmeal. As in the case of the cows in milk 8 pounds of skimmilk 
appear to be equal to one pound of linseed oilmeal as a supplement 
to ordinary rations lacking in protein. It is probable that under 
certain conditions the higher biological value of milk protein 


TABLE 2 
Skimmilk versus linseed oilmeal as a supplementary feed for dairy heifers 
AGE WEIGHT | TIMOTHY SKIM PER CENT 
days pounds pounds pounds pounds pounds pounds per cent 
1 332 616 13.6 2.25 18 1.31 177 
2 236 523 9.2 2.0 16 1.24 105 
3 247 347 6.8 1.8 14 0.79 78 
4 331 645 13.6 2.25 2.25 1.40 189 
5 338 371 8.0 2.0 2.0 1.06 138 
6 213 393 7.8 2.0 2.0 0.95 77 


would widen this ratio. The calves receiving the skimmilk 
supplement made distinctly greater skeletal growth than the 
group receiving the oilmeal, but the numbers used were too small 
to justify any conclusions. 


DISCUSSION 


The number of animals used in the trials reported was limited 
but it is felt the results may be accepted in view of the fact that 
these experimental data confirm the results expected from a com- 
parison of the nutritive values of skimmilk and linseed oilmeal. 
It is probable with a more careful set up of experimental con- 
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ditions a higher nutritive quality of milk protein for milk pro- 
duction could be observed. The more rapid skeletal growth of 
the heifers receiving the skimmilk may be an indication of this 
factor. In ordinary feeding practice the possibility of better 
results from the skimmilk due to the quality of the protein could 
be ignored on account of the limited information available and 
the difficulties of applying the present knowledge to the compli- 
cated situation resulting from the use of mixed rations. 

It is clear that the value of skimmilk as a feed for cows will 
depend largely upon the character of the ration with which it is 
fed. If fed, as has been done by some farmers, by merely adding 
to a ration already meeting the requirements of the animals 
reasonably well the skimmilk serves only as a source of additional 
calories and protein. Under these conditions of feeding the fairest 
comparison probably is on the basis of the total digestible nutrients. 
On this basis with corn at $30 per ton skimmilk would be worth 
16 cents per 100 pounds. On a protein basis, if linseed oilmeal 
costs $55 per ton skimmilk should be worth 33 cents per hundred. 
To use skimmilk economically as a feed for cattle beyond the 
usual age for milk feeding requires that the ration be so formulated 
as to depend upon the skimmilk for a considerable proportion 
of the protein. It is clear in regions where the feed grown on 
the farms contain an abundance of protein, or low protein feeds 
are not cheaper on the market, there is small reason for considering 
the feeeing of skimmilk to mature animals. The place where 
it may be done with advantage is in the middle west where a 
surplus of skimmilk is available on many farms and where the 
crops grown are such as to require the purchase of high protein 
concentrates as supplementary feeds. 

It is possible the present surplus of skimmilk will disappear in 
time with a reorganization of the dairy manufacturing units which 
will result in facilities for using the by-products to better advan- 
tage. At present only about 5 per cent of the skimmilk and butter- 
milk available in Minnesota is used for commerical purposes and 
the price paid the producer for the product is no more, and is 
often less, than he can realize by feeding the skimmilk to his farm 
animals under proper conditions. The use of skimmilk as a 
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feed for cows and growing heifers extends the possibilities of using 
the surplus skimmilk to advantage on the farm. 


CONCLUSIONS 


1. Skimmilk can be used as a protein supplement in the ration 
for dairy cattle, replacing linseed oilmeal when fed at the rate of 
8 pounds of skimmilk to 1 pound of linseed oilmeal. 

2. The feeding of skimmilk as a source of protein to dairy cattle 
is an economical practice in areas where the use of surplus skim- 
milk is a problem. 

3. The value of skimmilk for feeding purposes is determined 
by the market prices of the high protein concentrates which can 
be purchased. 

4. Skimmilk can be used economically to supply protein in the 
rations of young dairy stock fed a low protein roughage such as 
timothy hay. 
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THE EFFECT OF ACIDITY ON LACTOBACILLUS 
ACIDOPHILUS CULTURES* 


LUTHER A. BLACK? anv J. C. HARRIS 


Division of Dairy Husbandry, Agricultural Experiment Station and Department 
of Bacteriology, State College of Washington, Pullman 


Some effects of storage on Lactobacillus acidophilus cultures 
have already been reported (1). It was concluded that L. acid- 
ophilus milk cultures could be stored at either refrigerator or room 
temperatures for several days without any considerable destruc- 
tion of the organisms, provided that the original acidity was not 
too high. The results then obtained were secured with milk cul- 
tures of original acidities from 0.50 to 0.80 per cent, expressed as 
lactic acid. 

The data here presented were obtained upon milk cultures of 
L. acidophilus that were high in acidity when stored. 


PROCEDURE 


In addition to strain A4 and A15 previously reported upon for 
low acidities,’ three additional strains were used, A2, A5 and 
Al0. These strains were all stock cultures. 

Flasks containing 100 cc. of skimmed milk were sterilized by 
heating at 15 pounds pressure for twenty-five minutes. After 
cooling, they were inoculated with 1 per cent of a milk culture of 
the respective strains and incubated at 37°C. A fresh flask for 
each strain was inoculated at twelve-hour intervals for a period of 
eighty-four hours. This resulted in a total of 8 flasks for each 
strain, each having a twelve-hour-longer incubation period than 
the next one in the series. 


* Published with the approval of the Director of the Washington Agricultural 
Experiment Station as Scientific Paper No. 174, College of Agriculture and Experi- 
ment Station, State College of Washington. Received for publication September 
5, 1930. 

t Present address, University of Maryland, College Park, Md. 

1 Black, L. A. 1931 Viability of Lactobacillus acidophilus and Lactobacillus 
bulgaricus cultures stored at various temperatures. Jour. Dairy Sci., xiv, 59-72. 
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The flasks were allowed to remain in the incubator until after 
the most recently inoculated flask had coagulated. Since the 
rate of coagulation varied somewhat among the strains, this re- 
sulted in a longer period of incubation in some cases. All flasks 
of each strain were removed from the incubator at the same time, 
thus giving cultures of varying ages. This also resulted in cor- 
responding variations in acidity. 

The acidity of each culture was determined by titration of a 
10-cc. sample. A sample was removed for plating after which 
each culture was divided, one portion was left at room tempera- 
ture and the other was placed in the refrigerator. The room 
temperature varied from 20° to 24°C. and the refrigerator temper- 
ature was approximately 9°C. Three cultures were left at these 
temperatures for five days, two for six days and 1 culture for nine 
days, when the acidity was again determined and plates were 
poured. 

Bacto-dehydrated whey agar was used for all plating. Dupli- 
cate plates were poured and incubated at 37°C. for four or five 
days. All strains were incubated in an atmosphere containing 
5 per cent carbon dioxide, except the first experiment on strain 4 
which was in an atmosphere containing 10 per cent carbon dioxide. 
These percentages of carbon dioxide had been found by previous 
experiment to favor the growth of the strains used. Water in a 
flask was displaced by carbon dioxide from a tank, and then by 
replacing measured amounts of water in the flask, the carbon 
dioxide was forced into the petri plate containers which, in these 
experiments, were vertical autoclaves. In this way carbon diox- 
ide, to the extent of 5 or 10 per cent of the volume of the con- 
tainer could readily be measured. 

No circulation of the carbon dioxide was attempted with 
strains 4, 2 and 5. During the incubation of the'strains 4a, 10 
and 15, the atmosphere surrounding the plates was kept in slow 
circulation. This was accomplished by pumping the air from the 
bottom of the container and returning it at the top of the petri 
plate container, using a closed circulation system. 


RESULTS 
The results obtained are presented in table 1. 
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TABLE 1 
Viability of L. acidophilus cultures at various acidities 


ORIGINAL REFRIGERATOR ROOM 
| STORED 
Acidity Count Acidity | Count Acidity Count 
days per cent millions days per cent | millions | percent | millions 
41 5 1.65 56.0* 9 1.82 — 1.91 _- 
42 4.5 1.58 192.5 1.49 31.0 | 1.86 
4-3 4 1.52 103.0 1.70 1.92 
44 3.5 1.40 187 .0* 1.47 63.5 | 1.76 _ 
45 3 1.14 186.0* 1.35 256.5 | 1.67 107.0* 
46 2.5 0.87 92.0* 1.20 
47 2 0.73 106.0 1.04 282.0*| 1.33 196.0 
48 1.5 0.44 89.0 
2-1 7 1.88 33.5 6 2.12 - 2.16 —_ 
2-2 6.5 1.79 63.0 2.14 _ 2.11 _ 
2-3 6 1.72 117.0* 1.91 7.9| 2.08 20.5* 
24 5.5 1.36 40.0 1.93 - 2.09 - 
2-5 5 1.40 97.0 1.68 24.1] 1.93 20.1 
2-6 4.5 1.23 42.5 1.53 81.0; 1.79 61.0* 
2-7 4 0.89 189.0 1.13 _- _ - 
2-8 3.5 0.55 82.5 0.91 67.0 | 1.32 39.5 
5-1 7 1.62 6.0 6 1.86 _- 2.34 - 
5-2 6.5 1.58 35.0 1.85 _ 1.83 _- 
5-3 6 1.50 87.0 1.69 19.6 | 1.69 
5-4 5.5 1.35 113.5 1.68 31.9} 1.71 22.1 
5-5 5 1.31 93.0 1.49 30.5 | 1.62 _ 
5-6 4.5 1.22 81.0 1.39 52.7} 1.58 10.1* 
5-7 4 0.95 219.0* 1.31 120.0 1.36 _ 
5-8 3.5 0.71 221.0 0.99 194.0 | 1.07 86.0 
4al 5 1.89 36.0 5 1.78 118.5 | 1.92 3.0 
4-22 4.5 1.75 126.5 1.76 88.0 | 1.78 10.0 
4-a3 4 1.73 352.5 1.66 130.0*| 1.74 87.5 
4ead 3.5 1.59 173.0 _ 313.5 | 1.64 130.0 
4-05 3 1.55 319.5 1.45 265.0 | 1.62 165.0 
4-26 2.5 1.15 361.6 1.39 186.0*| 1.49 173.0 
4-a7 2 1.00 542.0* 1.39 410.0; 1.49 216.0 
4-28 1.5 0.92 144.0* 1.15 363.0 | 1.27 197.0 


* Result of one plate. 
— No count, usually moulds. 
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TABLE 1—Concluded 


on, ORIGINAL REFRIGERATOR ROOM 
CULTURE | STORED 
Acidity Count Acidity Count Acidity Count 
days percent | millions days per cent | millions | percent | millions 
10-1 4.5 1.67 11.2 5 1.67 6.3 | 1.73 6.7 
10-2 4 1.62 15.7 1.61 11.5} 1.72 7.4 
10-3 3.5 1.52 1.3 1.46 22.5 | 1.66 21.1 
10-4 3 1.35 51.0 1.26 3.5 | 1.64 11.4 
10-5 2.5 1.30 44.5 1.17 3.8} 1.27 20.5 
10-6 2 1.19 392.5 0.96 13.3 | 1.04 20.5 
10-7 1.5 0.68 531.5 0.79 15.5 | 0.87 26.6 
10-8 1 0.45 302.0 0.55 16.0 | 0.74 23.9 
15-1 5 1.87 | 2010.0* 5 1.89 | 2250.0; 1.90 | 1950.0 
15-2 4.5 1.88 | 1750.0 1.82 | 2110.0} 1.93 | 2130.0 
15-3 4 1.63 | 2200.0 1.80 | 2800.0; 1.89 | 2350.0* 
154 3.5 1.64 | 2260.0 1.71 | 1960.0*%| 1.77 | 2190.0* 
15-5 3 1.43 | 2330.0 1.38 | 2340.0} 1.78 | 3530.0 
15-6 2.5 1.24 | 2735.0 1.28 | 2515.0 | 1.47 | 2465.0 
15-7 2 0.93 2090.0 1.07 1715.0 1.31 2500.0 
15-8 1.5 0.85 | 1900.0 1.09 780.0 | 1.24 | 2160.0 
DISCUSSION 


The results presented in table 1 indicate that the highest count 
of organisms was obtained at the lower or moderate acidities and 
that the greatest destruction of organisms occurred in the more 
acid cultures. The original cultures will be considered first in 
the discussion to follow; that is those cultures that were not 
stored. They will be discussed in the order given in table 1. 

It is believed that the factor of age can be largely eliminated in 
the consideration of the results presented in table 1. In culture 
10, however, it seems that age or some other factor operated in 
drastically reducing the number of organisms in all samples upon 
storage. It is not likely that acidity could here be the predomi- 
nating factor since at the low acidity of 0.55 per cent the same 
severe reduction was obtained as occurred at the higher acidities. 
This factor might also account for the more rapid reduction 
occurring with this culture, strain 10, in the higher acidities of 
the original series. 
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The highest counts in strain 4 were obtained at acidities of 
1.14, 1.40 and 1.58 per cent. Samples were not obtained between 
0.87 and 1.14 per cent acidity. Judging from the refrigerator 
storage samples of this series, and from the second set of results 
upon this strain, given in table 1, it seems probable that the 
greatest number of organisms was reached between the acidities 
of 0.87 and 1.14 per cent. Destruction of the organisms in strain 
4 had probably started at 1.14 per cent acidity. The number of 
viable organisms then remained rather constant through 1.58 per 
cent with a greater decrease at 1.65 per cent acidity. 

The highest count in strain 2 was obtained at an acidity of 
0.89 per cent. The next highest acidity in the series was 1.23 
per cent. It seems likely that the greatest number was reached 
between these acidities. This would then correspond closely 
with the results obtained with strain 4. Destruction of the or- 
ganisms had probably occurred at 1.23 per cent acidity and the 
number surviving then remained more or less constant through 
the remainder of the series. 

The highest counts in strain 5 were obtained at acidities of 
0.71 and 0.95 per cent. This is somewhat lower than in the case 
of the strains already mentioned. Destruction of the organisms 
had started at 1.22 per cent acidity. The number of organisms 
remained about the same through 1.5 per cent but increased 
destruction took place at 1.58 and still more at 1.62 per cent 
acidity. 

In the second series of experiments on strain 4, the largest 
number of organisms were obtained at 1.00 per cent acidity. 
This corresponds to the conclusion reached in the first series as 
judged by the refrigerator storage samples. Destruction in the 
second series had begun at 1.15 per cent acidity. ‘The number of 
organisms remained somewhat the same through acidities to 1.73, 
decreasing at 1.75 and decreasing greatly at 1.89 per cent acidity. 

The largest number of organisms in the series of strain 10, were 
obtained at 0.68 per cent acidity. This resembles strain 5, which 
had the highest count at an acidity lower than strains 2 and 4. 
Destruction of organisms in strain 10 had commenced at 1.19 
per cent acidity. A great destruction had again occurred at 1.30 
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per cent acidity, the number of organisms then remaining more or 
less constant until further decreases took place at acidities of 1.5 
per cent and above. As mentioned above, some of this destruc- 
tion at 1.3 per cent acidity may be due to the greater effect of age 
or other factors upon this strain. 

Strain 15 has always differed from some dozen other strains of 
L. acidophilus that have been examined. This strain was used 
because it was received from a laboratory specializing in acid- 
ophilus cultures, and was stated to be recently isolated from the 
human intestinal tract. For about two years this culture has 
given some ten times as high a count as other acidophilus strains 
that have been used. 

Strain 15 also seems to be more resistant to acid than the other 
strains used. An earlier experiment on this strain, similar to the 
series reported in table 1, gave essentially the same results. This 
earlier series could not be counted inasmuch as a one million dilu- 
tion was the highest used. At the end of the experiment, how- 
ever, the plates were all placed in order and a rough comparison 
made. Destruction of organisms could not be detected in the 
lower acidities until an acidity of approximately 1.5 per cent was 
reached. At the higher acidities somewhat greater reductions 
occurred than in the present series of experiments. It can be 
concluded, therefore, that strain 15 is more resistant to the acid 
formed than are the other cultures used in the present 
experiments. 

The largest number of organisms in strain 15 was secured at 
1.24 per cent acidity in the original set of cultures. This is at a 
higher acidity than was found for strains 2 and 4 and considerably 
higher than strains 5 and 10. That it is really higher is borne out 
by the highest counts in the stored samples, which were obtained 
at still higher acidities. Destruction of the organisms in the 
original set had started at 1.43 per cent acidity. Further de- 
creases in numbers were indicated after 1.88 and 1.87 per cent 
acidity. 

The results indicate then, that the highest number of organisms 
reached with regard to acidity was as follows: strain 4, 0.87 to 
1.14; strain 2, 0.89 to 1.23; strain 5, 0.71 to 0.95; strain 4, 1.00; 
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strain 10, 0.68, and strain 15, 1.24 per cent. Destruction had 
apparently occurred at the following acidities: strain 4, 1.14; 
strain 2, 1.23; strain 5, 1.22; strain 4, 1.15; strain 10, 1.19, and 
strain 15, 1.43 per cent. A still more pronounced destruction of 
organisms had taken place in each of the strains except 2 at the 
following acidities: strain 4, 1.65; strain 5, 1.58 and 1.62; strain 
4, 1.75 and 1.89; strain 10, 1.3 and 1.52, and strain 15, 1.87 per 
cent. 

In the data presented strains 2 and 4 gave the highest plate 
counts at approximately 1.00 per cent acidity, strains 5 and 10 
at less than 1.00 per cent and strain 15 at an acidity above 1.00 
per cent. A decrease in the number of organisms seemed to have 
occurred when 1.2 per cent acidity had been reached in all strains 
except 15. There was considerable variation in the higher acid- 
ities at which still greater decreases in viable organisms were 
evident. 

When we consider the highest numbers secured and the acid- 
ities at which a decrease occurs in the storage samples, we find 
that they correspond to the original unstored samples. The 
highest number of organisms, again, are found at the low acidities 
and the greatest destruction of organisms takes place in the 
more acid of the series. 

In the cultures stored in the refrigerator the highest number in 
strain 4 was secured at 1.04 per cent acidity with a decrease at 
1.35 per cent. With strain 2 counts were not secured between 
acidities of 0.91 to 1.53 per cent. It seems probable that destruc- 
tion had begun at 1.53 per cent acidity or before with the highest 
number below this. In strain 5 the highest number was secured 
at 0.99 and decrease had taken place at 1.31 per cent acidity. 

Continuing with the other refrigerated cultures, the second 
series of strain 4 exhibited the largest count at 1.39 per cent acid- 
ity. However, in another culture of the same acidity the number 
of organisms had already decreased. So it is probable that a de- 
crease had already occurred at 1.39 per cent acidity and that the 
highest number had been reached before this. 

As mentioned in the second paragraph of this discussion, some 
other factor seems to have operated in greatly reducing all storage 
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samples of strain 10. Strain 15, as mentioned above, seemed to 
be more resistant to the acidity produced than other strains. So 
in the refrigerated samples, a large number of organisms was 
secured at 1.28 per cent, followed by a decrease at 1.38 and 1.71 
per cent. In this series the highest number was secured at an 
acidity of 1.80 per cent, followed by a decrease at 1.82 and 1.89 
per cent acidity. 

In the samples stored at room temperature, of strains 2, 4, 5 and 
the second series of strain 4, the highest count was in all cases 
secured in the sample corresponding to that giving the highest 
count in the refrigerated samples. In these cases there had been 
an increase in acidity of from 0.08 to 0.29 per cent in the samples 
stored at room temperature over that of the refrigerated samples. 

In every case the highest count for the room storage samples 
was less than the count of the corresponding refrigerated sample. 
Decrease in numbers among a series of these room stored cultures 
proceeded like that of the refrigerated samples, except that in 
every instance the acidity for the corresponding culture was 
higher at room storage and in all but one case, culture 2-3, the 
count was correspondingly lower. 

The general effect of storage in the refrigerator of the cultures 
at the various acidities was to decrease the numbers. In 11 of 
38 samples, however, there was an increase in count above that 
of the original. Of these increases, 3 were at lower acidities, 
suggesting multiplication before chilling. In 4 other cases, it 
seems from the data that the counts were higher largely because 
the original count for that series was lower than would be expected 
from the other younger and older cultures of its series. The re- 
maining 4 instances of an increased count were in strain 15. 

The general effect of storage at the various acidities, then, is to 
decrease the numbers upon storage at 9°C. with a further reduc- 
tion in numbers if stored at 24°C. In the first four strains pre- 
sented in table 1, in only one case, culture 2-3, was there an 
increased number of organisms in room storage over refrigerator 
storage. In strain 10 the opposite effect prevails, but other fac- 
tors must be involved there. With strain 15, in 5 instances a 
higher count was secured at room storage than with refrigerator 
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storage. In 15-8 and 15-7 it would seem that continued multi- 
plication accounted for this increase at room storage. Whether 
this could explain the other three increases of the series is 
problematical. 

The acidity in all cases but one was higher at room storage than 
at refrigerator storage. In this one instance the difference was 
0.03 per cent. In all but 10 of the 48 refrigerated samples, the 
acidity had increased over that of the original. In these 10 in- 
stances, the variation was from 0.01 to 0.23 per cent, all but one 
being 0.11 or under, all averaging 0.095 per cent with 6 of the 10 
samples below this average. It is probable that much of this 
difference might be due to difficulty in reaching the same end 
point on each titration, since the sterilized milk is slightly cara- 
melized and so interferes with the color obtained at the endpoint. 

In all but 2 of the 48 room storage samples, the acidity had 
increased over that of the original. These cases, 10-6 and 10-5, 
were 0.15 and 0.03 per cent lower and were the two samples that 
varied the most in the refrigerated samples. This might pre- 
sumably have been due to too high a reading on the original set. 

None of these cases of variations in acidity, which might have 
been due to error in recording the endpoint of the titration, con- 
cerned a series at which the highest number of organisms was 
secured. In only one case, 10-6, this might have resulted in a 
different acidity at which decrease was first evidenced. In the 
other instances of acidity variations the samples concerned were 
above that acidity in which decrease was first noticeable. 

In connection with the experiments presented in table 1, the 
long period of incubation of L. acidophilus plates also pointed out 
conditions not noticeable in ordinary plate counts of shorter in- 
cubation periods. Molds did not appear within the two-day 
incubation period for standard plate counts, but with a five-day 
incubation of acidophilus organisms, plates sometimes could not 
be counted because of mold growth. These molds usually ap- 
peared as one or two large colonies covering most of the plate. 
The molds seemed to enter the plates after the plates were in- 
verted and placed in the incubator. After growing down between 
the inverted outer and inner dishes and then up inside the inner 
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plate to the media, the mold spread from the edge of the plate, 
covering large areas. In certain experiments in closed contain- 
ers, it seemed that a very few mold spores could thus grow and 
spread from one plate to another, infecting practically every 
plate within five days incubation. 

From the results given, it seems that the method of incubating 
until different acidities are reached, plating at these acidities and 
drawing conclusions from the counts obtained, gives evidence 
regarding the effect of storage at the various acidities. The 
largest counts in the original set of samples were obtained at acid- 
ities lower than was the case with the stored samples, yet in gen- 
eral the samples giving highest counts upon storage was identical 
with those giving the highest count in the original. This would 
indicate that the increase in acidity before chilling was completed 
was not particularly harmful if the cultures were removed from 
the incubator when the maximum number of organisms was 
reached. If the cultures were to be stored at room temperature, 
it is reasonable to suppose that at some acidity under that giving 
the maximum number in the original there would be slightly more 
multiplication at room temperature and so yield more organisms 
after storage than would result from storage of the sample giving 
the maximum number before storage. 

It is suggested that results might be more readily obtained by 
using different amounts of inoculation and plating more than 
once from the same sample. This should enable one to secure 
samples within a closer range of acidities than was possible in the 
experiments here presented. 


SUMMARY 


1. The strains of L. acidophilus used in the experiments re- 
ported upon gave the highest plate counts at acidities of approx- 
imately 1.00 per cent. 

2. There was some variation among strains, some yielding the 
maximum number of organisms at less than 1.00 per cent and one 
strain at an acidity considerably greater than 1.00 per cent. 

3. A decrease in the number of organisms had taken place at 
an acidity of approximately 1.2 per cent in all but one strain. 
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The strains examined seemed to differ slightly with respect to 
the acidity at which destruction became apparent. 

4. At higher acidities of approximately 1.5, 1.6, 1.7 and 1.8 
per cent, a still greater destruction of organisms took place. The 
acidity at which this greater destruction occurred varied with the 
strain. 

5. The results indicated that the particular sample of each 
strain that gave the highest count before storage, usually gave 
the highest count of the series after storage at 9° or 24°C. 

6. Refrigerator storage (9°C.) of typical strains of L. acido- 
philus resulted in a smaller loss in the numbers of organisms than 
did storage at 20° to 24°C., in both high and low acidities. 

7. Two strains of L. acidophilus not previously reported upon 
also survived either refrigerator or room temperature storage for 
several days without any great destruction of organisms, provided 
that the original acidity was low. 

8. It is desirable to determine the acidity at which the maxi- 
mum number of organisms is secured for each strain and under 
the conditions that obtain. 

9. The results obtained indicated that the acidity at which the 
maximum number of organisms was secured during incubation 
of a culture was an index as to the acidity at which to place cul- 
tures in refrigerator storage. 
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THE NUMBER OF DAUGHTERS NECESSARY TO PROVE 
A SIRE* 


JAY L. LUSH 
Towa State College, Ames, Iowa 


Increased appreciation of the progeny test as a means of rating 
the real breeding worth of an animal is a noteworthy development 
in modern animal breeding. The idea of a progeny test is not a 
new one. The best breeders have always relied upon it, although 
in a somewhat indefinite and approximate way. Why a progeny 
test is more accurate and useful than a rating of the individual by 
what it appears to be itself, or by what its pedigree shows that its 
ancestors were, began to be evident soon after the rediscovery of 
Mendelism but only in the last ten years have adequate methods 
been available for combining genetics and statistical procedure 
to study the usefulness of the progeny test under varying 
conditions. 

It has always been known in a general way that a progeny test 
increases in reliability as the number of offspring included in that 
progeny increases. That this increase in reliability might be ex- 
pressed very definitely by a fairly simple formula was first sug- 
gested by critical examination of Illinois Station Bulletin 270, 
which appeared in 1925. This bulletin was an empirical study of 
bulls having 15 or more daughters entered in the Register of 
Merit of the American Jersey Cattle Club. Figure 1 is modelled 
after figure A of that bulletin with three smooth lines showing the 
theoretical results if the simple correlation between the records of 
half sisters had been 0.25, 0.30, or 0.36 and if the number of bulls 
tested had been large enough to equalize all errors of random 
sampling. 

The study in that bulletin was limited to the correlation be- 
tween a small number of daughters and some arbitrarily chosen 
larger number. It is possible to go a step further and derive a 


* Received for publication September 12, 1930. 
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general formula! for the correlation between the average record of 
the daughters and the genotype of the sire for factors affecting 
milk production. 

In deriving these general formulas allowance should be made 
for the fact that the primary correlation between the records of 
half sisters is in itself a compound figure, made up partly of the 
fact that half sisters tend to have received somewhat similar in- 
heritance from their sire, and partly of the fact that half sisters are 
usually reared in the same herd and are therefore to some extent 
subject to common conditions of environment, feeding and system 
of management. Also the dams of the half sisters may in general 
have an appreciable relationship to each other. This compound 
nature of the simple correlation between the records of half sis- 
ters is shown in figure 2, which is drawn according to Dr. Wright’s 
path coefficient method of analyzing correlation coefficients into 
their component parts. If we let s represent the path coefficient 
from the sire’s genotype to the daughter’s record and if we let e 
represent the path coefficient from the herd management or com- 
mon environment (including also the average relationship of the 
dams to each other) to the daughter’s record then it is evident 
that the primary observed correlation between the records of 
half sisters equals e? + s*. (This formula does not allow for re- 


1 The mathematical and genetic principles underlying such formulas as this 
have been stated by Dr. Sewall Wright (‘‘Correlation and Causation,’’ Jour. Agr. 
Research, xx, 557-585, and ‘‘The Biometric Relations Between Parent and Off- 
spring,”’ Genetics, vi, 111-123). A correlation coefficient measures the tendency 
of two things to vary together and thus to be predictablefromeachother. In this 
case the correlation between the genotype of the sire and the average record of 
his daughters measures how closely the real breeding worth of the sire for milk 
and fat production can be predicted from the records of the daughters. A correla- 
tion of 1.0 would mean that the bull’s breeding worth is perfectly predictable, 
with no room at all for error. A correlation of 0.9 would mean that predicted 
values and actual values will be nearly alike and most of the errors which do 
occur willbe small ones. In general a correlation of 0.5 expresses the resemblance | 
between one parent and one offspring while a correlation of 0.7 expresses the 
general tendency of one offspring to be like the average of both its parents where 
(1) neither the parents nor the offspring are highly inbred or distinctly cross- 
bred, (2) the character being studied is not markedly influenced by the varia- 
tions in environment to which that population is exposed, and (3) where few if 
any of the genetic factors, governing the characteristic being studied, are com- 
pletely dominant or complementary in their action. 
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lationship between sire and dam, but such relationship is negligi- 
ble in most material on account of the widespread avoidance of 
all systems of mating animals very closely related to each other.) 
Besides the number of daughters included in the average, the for- 
mulas in figure 2 require an evaluation of s and of e before they 
can be solved in numerical terms. The value of s would be 0.50 


NUMBER OF DAUGHTERS INCLUDED IN SMALLER SAMPLE 


Fig. 1. THEORETICAL AND OBSERVED CORRELATIONS BETWEEN THE AVERAGE 
REcorRD oF THE First Few DauGHTERS AND THE AVERAGE RECORD OF THE 
First Firreen DavuGHTERS 


The circles show the values actually found when the original data on which 
Illinois Bulletin No. 270 was based were recalculated, grouped in smaller class 
intervals than used in that bulletin. Dr. Davidson’s kindness in supplying the 
original data made possible a more adequate test of the general formula theoreti- 
cally derived. 


in a random-bred population where there was no dominance and 
where milk and fat production were entirely determined by hered- 
ity. If dominance is at all widespread in the factors affecting 
milk and fat production this value would be slightly lowered. 
We know that milk and fat production are not entirely determined 
by heredity and this also would lower the value of s. On the 
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other hand whatever has been accomplished through selective 
breeding of like to like among the ancestors of the sire would tend 
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Fig. 2. Diagram SHOWING THE CompounD NATURE OF THE CORRELATION BE- 
TWEEN A SrrE’s GENOTYPE AND THE AVERAGE REcorD (A) or His DAUGHTERS 


The even more compound nature of the correlation between the average record 
(A) of his daughters in one herd and the average record (A:2) of his daughters in 
another herd is also shown. O represents the record of one daughter and £ repre- 
sents the herd management and environment which affect all the cows in one herd 
but may be very different (#2) in other herds. 


to raise the value of s. It does not seem possible at present to 
evaluate s exactly. Its most probable value seems, taking every- 
thing into account, to be not far from 0.40 or perhaps a little 
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above that in studies restricted to official records. In table 1, s 
has been figured at four different values; namely, 0.30, 0.40, 
0.50, and 0.60, although it is doubtful that either of the extreme 
values is often reached in actual practice. The value of e is even 
less definitely determined but would be larger in such a group as 
D. H. I. A. records than it would in the advanced registry records 


NUMBER OF DAUGHTERS INCLUDED IN AVERAGE 
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Fig. 3. Tot RELATION BETWEEN THE NUMBER OF DAUGHTERS IN THE PROGENY 
AND THE RELIABILITY OF THE PROGENY TEST 


Expected correlation between sire’s genotype and the average record of various 
numbers of daughters at selected values of s and e?. 


since the cows on advanced registry tests are more nearly given 
every chance to show their producing ability than are cows under 
D. H. I. A. conditions. On the basis of all analyses yet made of 
advanced registry records it seems likely that the most probable 
value of e* in advanced registry data is not far from 0.15 and that 
it can rarely if ever be as large as 0.30. In the calculations, val- 
ues of 0.00, 0.10, 0.20, 0.30, and 0.40 have been assumed for e?. 
Dr. Wright in an unpublished analysis finds that the results of 
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Gowen’s analysis of Holstein-Friesian Advanced Registry records 
are consistent with values of about 0.435 for s, 0.125 for e? (not 
including the relationship of the dams to each other), and 0.20 
for the average relationship of the dams to each other. 

Figure 3 shows the expected correlation between the genotype 
of the sire and the average of his daughters’ records for some of 
these selected values of e? and s where the number of daughters 
varies from 1 to 10 and upward. These curves differ greatly 
among themselves but they have certain characteristics in com- 
mon, most noteworthy of which is the fact that all of them rise 
abruptly as the number of daughters increases but that the curves 
tend very soon to flatten out. 

Another noteworthy point about these curves is that all of 
them have limiting values less than 1.0 except where e? is 0 and 
even then the value, 1.0, is only approached as a limit when the 
number of daughters becomes infinitely large. In practical lan- 
guage this means that we cannot expect the progeny test to be ab- 
solutely and completely accurate even though the number of 
daughters is very large and every precaution is taken to control 
and standardize the conditions under which the records are made. 
When the number of daughters is small, s is in general more im- 
portant than e in determining the reliability of the progeny test. 
If differences in herd environment and management are great in 
the herd or section of the breed under consideration and if the 
records are not corrected accurately for those differences, then 
the ultimate limit of the progeny test is low and for most practical 
purposes it increases in reliability only a little after the first half 
dozen or so daughters have made records. On the other hand if 
the effects of differences in common environment are relatively 
slight (or if accurate corrections are made for those differences) 
and if the variations in records are largely due to genetic differ- 
ences between the heifers and to uncontrollable environmental 
forces operating differently, even on heifers in the same herd, 
then the reliability of the progeny test continues to increase 
noticeably even beyond the point where one has as many as ten 
or a dozen daughters already tested. 

The more carefully environmental conditions are controlled 
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and made uniform for all of the daughters which are to be tested, 
just so much more is the value of e lowered in making comparisons 
with other bulls whose daughters have been tested under similarly 
controlled conditions. The use of accurate correction factors for 
known and measured differences in herd environment serves the 
same purpose as actual control of the physical and biological en- 
vironment, but of course can not entirely eliminate e because 
correction factors are only approximate, even when most carefully 
derived. The value of ¢ is also slightly raised by making environ- 
mental conditions uniform throughout the herds or section of the 
breed under consideration (or by making proper correction for 
such conditions when they cannot be made uniform), since a 
larger proportion of the observed differences thus are determined 
by heredity than if conditions were less well controlled. Thus 
careful control of environmental conditions throughout the herd 
or portion of the breed considered operates to make the progeny 
test more reliable. This difference in reliability can become very 
great as may be seen by comparing the extreme outside curves in 
figure 3. 

Such careful control of (or allowance for) environmental con- 
ditions can not entirely eliminate e? but may hold it down to a 
low level, perhaps to less than 0.10. The value of s can go above 
0.5 only where a very unusual amount of inbreeding (homozygos- 
ity) is involved. Even for s to have a value of 0.6 the sire would 
need to be 44 per cent more inbred (homozygous) than his daugh- 
ters out of unrelated or slightly related cows, or if not inbred 
himself he must be mated to cows more closely related to him than 
half sisters. That makes no allowance for the part played by 
dominance or by uncontrolled environmental influences in deter- 
mining the daughters’ records. Such a part, even though small, 
would necessitate still more intense inbreeding if the value of s is 
to approach 0.6. From these considerations it is evident that a 
value for s as high as 0.6 is almost unattainable with the systems 
of breeding prevalent in dairy cattle today. Thecurvefors = 0.5, 
e? = 0.0 in figure 3 probably comes close to the maximum reliabil- 
ity of the progeny test in any very large group of dairy herds 
today, even with environmental conditions as perfectly controlled 
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or corrected for as is possible. Even if the value of s did go a 
little above 0.5 in certain special groups, yet e? would still have at 
least a slight value. This would result in a curve starting a little 
higher and rising a little steeper but flattening out sooner to a 
lower limit than the curve shown for s = 0.5, e? = 0.0. 

The discussion this far has been on the assumption that the 
daughters’ records would be used without taking into account the 
records of the dams of those daughters. Where the dams also 
have records, it seems reasonable to suppose that accuracy would 
be much increased by taking those records also into account. 
Actually this gain, though real, seems to be comparatively small. 
Thus, under the conditions of random mating, complete determi- 
nation by heredity, and no dominance, the value of s rises from 
0.50 where the dam’s record is not considered at all only to 0.58 
where the dam’s record is compared with the daughter’s record, 
each being weighted in the most ideal manner, i.e., with the 
daughter’s record given twice as much weight as her dam’s record. 
In so far as the daughters and dams are tested in the same herds 
the same year, the use of daughter-dam comparisons will also 
tend to give e? a lower value than if no use were made of the dams’ 
records. From these theoretical considerations it seems that the 
use of daughter-dam comparisons should render the progeny test 
more reliable but that this effect will be less than is generally 
believed. It is hardly possible that s could thus be raised to the 
extreme vaiue (0.6) shown in figure 3 but it might conceivably be 
raised above 0.5 where all environmental circumstances were 
controlled (or corrected for) in the most exact manner possible. 
e? could not be eliminated entirely but might possibly be held 
below 0.2 or perhaps even below 0.1 with excellent control 
(physical or statistical). 

The comparison between pedigree promise and progeny test is 
especially interesting. For characters completely determined by 
heredity without dominance and in a random-bred population, the 
correlation between the individual and the most perfect system of 
averaging its ancestors is limited to about 0.71. Under the same 
conditions the correlation between the individual and the average 
of its offspring becomes this high when there are as many as three 
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offspring included in the average. Under these same conditions 
when more than three individuals are available the progeny test 
becomes more reliable than pedigree promise. No one seems yet 
to have worked out the consequences of variations in s and e on 
the general reliability of the pedigree as an indication of what the 
individual will be. It is obvious that e will usually be smaller in 
a pedigree than in a progeny test since rarely will all of the ances- 
tors have been reared under environmental conditions which were 
all good or all poor. On the other hand in dairy cattle there is no 
direct measure of productiveness in the males and this limits our 
ability to estimate the productiveness of an individual by a study 
of its pedigree. It seems likely therefore that the correlation 
between an animal’s productiveness and what one might estimate 
that productiveness to be from a careful study of the pedigree, 
even when all female ancestors had been tested, would probably 
very rarely go over 0.65 and perhaps might not even be as high as 
0.55 under ordinary conditions. 

How then does the progeny test compare with pedigree promise 
as a basis for estimating an individual’s real genotype for milk 
and fat production? Obviously there is no single answer which 
will fit all conditions alike. In general when there are as many as 
four to six offspring included in the progeny test, that test will be 
about as accurate as an estimate based on even a very complete 
pedigree. A progeny test based upon larger numbers than this 
will often be distinctly more reliable than all the information to be 
gained by careful and long-continued study of the pedigree. 
However there are sure to arise occasions when sires with good 
genotypes are used in herds where their daughters are given poor 
care while other bulls will be used in herds where the daughters 
are given excellent care and management. Under those circum- 
stances the progeny test by itself may not be as reliable a basis 
for estimating that bull’s heredity for milk and fat production as 
his pedigree would have been. On the other hand where all en- 
vironmental conditions are made as uniform as possible for all of 
the daughters of the different bulls which are being tested, the 
progeny test can approach perfection as an indicator of the bull’s 
breeding worth, while pedigree estimates must necessarily be 
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TABLE 1 
Correlation between sire’s genotype and the average record of his daughters 


NUMBER OF DAUGHTERS INCLUDED IN AVERAGE 
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limited to a value of about 0.7 or less except in pedigrees where 
there has been a very significant amount of close breeding. There 
is a legitimate place for the use of both pedigree and progeny test 
in rating a bull’s real breeding worth and also room for attention 
to the bull’s individuality. As the progeny test becomes more 
thorough and reliable we should of course give it relatively more 
attention in making our estimates. This means that pedigree 
and the bull’s individuality will receive relatively less attention 
but we cannot now foresee any logical reason for neglecting them 
altogether, even in the most adequate of progeny tests possible. 

What then is the number of daughters which must be tested 
before we can have an adequate progeny test of the sire? Ob- 
viously there is no number below which we must say the test is 
inadequate and above which we can say that the test is certainly 
correct. Our reliance in the progeny test should increase as the 
number of daughters increases, but at an ever-decreasing rate. 
At low values of s and e we may gain a very noticeable increase 
in the reliability of the progeny test by increasing the number of 
daughters even past eight or ten. At the other extreme with high 
values of both e and s there is little accuracy to be gained by in- 
creasing the number of daughters even past three or four. For 
what appear to be the most probable values for s and e only a 
little increase in accuracy is to be gained by including more than 
about five to eight daughters in the progeny test although of 
course one would want to base his estimate upon all that are 
available no matter how many that may be. 

If a definite number must be adopted in order formally to de- 
fine what a “proved sire’’ is, perhaps the number five, adopted 
by the Bureau of Dairy Industry, is as practical as any other. 
Certainly it is distinctly more accurate than a progeny test based 
on three or four except when the value of e is quite high. On the 
other hand the increase in accuracy which would be gained by 
requiring more than five tested daughters in order to “‘prove’’ a 
sire would be large only when the values of e and s are low. 
From the principles underlying the behavior of the progeny test, 
it must be quite obvious that we will occasionally encounter cases 
where a sire “proved” to be good in one herd will with equal cer- 
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tainty “prove” to be bad in another. Some sires will be “proved” 
to be poor ones merely because of chance variations or because 
they were used in a herd where the care and management given 
their daughters were not adequate. 

The progeny test is rightly esteemed as one of the most valuable 
weapons which the breeder has at his command and everyone in- 
terested in the breeding of better livestock will do everything 
possible to promote its wider use, but we will save ourselves from 
some severe and perplexing disappointments if we keep in mind 
the principles on which the reliability of the test is based and 
thus know how much confidence to place in it. 


THE INFLUENCE OF SWEETENED, FROZEN CREAM 
ON THE DEVELOPMENT OF SWELL 
IN ICE CREAM* 


WALTER V. PRICE 
Department of Dairy Husbandry, University of Wisconsin 


The storage of milk fat for use in ice cream is a common proce- 
dure. It is usually held in frozen storage in the form of unsalted 
butter, butter oil, or low-acid cream. Within the past few years 
it has become common practice in the ice cream industry to add 
from 10 to 40 per cent of sugar to low-acid cream before it is 
placed in storage. The sweetened or non-sweetened cream is 
stored in tin cans, milk cans, and, occasionally, wooden barrels. 

The use of non-sweetened frozen cream in ice cream causes 
certain changes in the physical characteristics and freezing prop- 
erties of ice cream mix. According to Price and Whitaker (1), 
the basic viscosity of ice cream mix is increased and the whipping 
properties are decreased by the use of frozen cream. 

The changes, which are caused in ice cream mix by the use of 
frozen cream, are almost identical to the changes which are caused 
by the use of butter instead of fresh cream. Whitaker (2) be- 
lieves that the difference in the lecithin content of ice cream mix 
which contains cream and one which contains butter is respon- 
sible for these changes. He points out that replacing the lecithin, 
which was removed by the churning of the cream, by using butter- 
milk or egg yolk, both of which contain lecithin, restores the 
whipping properties of the butter mix. 

Urbain and Miller (3) investigated the effect of freezing on egg 
white and egg yolk and found that the only significant change was 
the separation of lecithin from the egg yolk. They showed that 
the addition of sucrose, dextrose and levulose in concentrations of 
1 part sugar to 10 parts of egg yolk prevented this separation, and 
that the sucrose was less effective, in equal concentrations, due to 


* Received for publication September 15, 1930. Published with the permission 
of the director of the Wisconsin Agricultural Experiment Station. 
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the difference in its influence on the osmotic pressure of the mix- 
ture of egg yolk and sugar. This explanation is also supported 
by the evidence of a patent (4) which involves the use of salt for 
the preservation in frozen storage of the emulsifying properties of 
egg yolks for the manufacture of mayonnaise. 

Since the emulsifying properties of egg yolk lecithin are altered 
by freezing and thawing, it is possible that the colloidal properties 
of cream may be altered by similar treatment. Urbain and 
Miller showed that mixtures of sugar and egg yolks prevented the 
separation of lecithin during freezing. The addition of sugar to 
cream, which is to be frozen and stored for subsequent use in ice 
cream, may also prevent those changes in the colloidal system of 
the cream that cause the decrease in the development of overrun 
of the mix. 

A series of experiments were planned to test the effect of the 
addition of sugar to cream which was subsequently frozen, held, 
thawed, and then used to make ice cream. 


THE EFFECT ON THE DEVELOPMENT OF SWELL OF USING CREAM, 
FROZEN FOR 48 HOURS, WITH AND WITHOUT SUGAR 


A quantity of fresh pasteurized cream, containing 45 per cent 
fat, was divided into 4 lots. The first portion was stored at ap- 
proximately 35°F. The second was frozen at —15°F. Suc- 
rose was added to the third portion at the rate of 1 part of sugar 
to 10 parts of cream, by weight. Invert syrup, which was made 
by inverting sucrose with citric acid, according to the method de- 
scribed by Jordan (5), was added to the fourth portion of the 
cream at the rate of 1.33 parts of syrup to 10 parts of cream by 
weight. This amount of syrup is equivalent to 1 part of sugar to 
10 parts of cream. The third and fourth lots were also frozen at 
—15°F. All four lots were held in well-tinned ice cream cans. 

The storage period lasted for forty-eight hours and then the 
frozen lots were placed in cold water and allowed to remain un- 
disturbed until all ice disappeared. 

The effects of the storage treatments on the appearance of the 
four lots of cream were clearly evident. The first lot, which had 
been held at 35°F., was unchanged. The second portion, which 
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contained no sugar, was granular due to the presence of small 
aggregates of milk fat, and minute particles of serum solids. 
The fat separated from the mix, in which this cream was used, in 
the form of oil during the pasteurizing period and was only incor- 
porated by the homogenizing process. The third portion re- 
sembled the second but the aggregates of fat were smaller and 
less numerous and there was only a slight separation of milk fat 
during pasteurization. The appearance of the fourth portion was 
practically identical to that of the normal unfrozen cream. There 
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Fig. 1. Tae INFLUENCE OF SWEETENED CREAM, FROZEN FoR 48 Hours, ON THE 
DEVELOPMENT OF SWELL or Ice CREAM 


were no aggregates of fat visible to the naked eye and no fat 
separation. 

Four mixes were made which differed from each other only in 
that they contained a different one of the four lots of cream. 
Each mix contained identical quantities of sugar and invert syrup, 
which together furnished 15 per cent of the weight of the mixes. 
Fat, skimmilk solids and gelatin, composed 12, 11 and 0.25 per 
cent, respectively of each mix. The skimmilk solids required, 
in excess of the quantity in the cream, were supplied by dry skim- 
milk. The mixes were pasteurized at 145°F. for thirty minutes, 
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homogenized at 3000 pounds pressure and then cooled to approx- 
imately 40°F. and aged at that temperature for sixteen to eighteen 
hours. 

The procedure was repeated with four lots of cream during the 
period from April 11 to May 31, 1930. It is possible that the re- 
sults might be different at other seasons of the year when the 
lecithin content of the milk might show the influence of other 
conditions. 

The results of the different treatments, to which the four lots 
of cream were subjected, upon the freezing properties of the ice 
cream mixes are shown in figure 1 and table 1. 


TABLE 1 
The effect of sweetened and non-sweetened frozen cream on the development of swell 
TIME 
RATIO OF | STORAGE REQUIRED | MAXIMUM 
SWELL 
hours minutes per cent 
Not frozen | None 48 4 8 96 
Frozen None 48 a 9 94 
Frozen Sucrose 1:10 48 4 8 99 
Frozen Invert 1.33:10 48 a 8 101 
days 
Frozen None 14 3 9 95 
Frozen Sucrose 1.5:10 14 3 7 100 
Frozen Invert 1:10 14 3 7 102 
Frozen Sucrose 4:6 14 3 7 100 


* “Maximum swell obtainable’ with proper consistency for drawing from 
freezer. 


The mixes containing non-sweetened, frozen cream were slightly 
inferior in whipping properties to those mixes which contained 
non-sweetened, unfrozen cream. The swell development of the 
non-sweetened, unfrozen lot of cream practically coincided, during 
the first nine minutes of the whipping period, with that of those 
mixes which contained the sweetened frozen cream. 

Those changes in the freezing properties of the mix, that were 
caused by the use of non-sweetened frozen cream, were eliminated 
by the addition of either sucrose or invert syrup to the cream be- 
fore it was placed in frozen storage. 


INFLUENCE OF CREAM ON SWELL IN ICE CREAM 225 


THE EFFECT ON THE DEVELOPMENT OF SWELL OF USING CREAM, 
FROZEN FOR 14 DAYS WITH OR WITHOUT ADDED SUGAR 


The difference in development of swell between the mixes, 
which contained frozen and unfrozen cream without sugar, was 
smaller than the differences noted by Price and Whitaker (1). 
This disagreement was believed to be due to the difference in the 
length of time the cream remained frozen. A second series of ex- 
periments were planned to permit a longer storage period. 

In this second series of experiments, a quantity of fresh, pas- 
teurized cream, containing 47 per cent fat was divided into four 
portions. The first portion was not altered. To the second was 
added 1.33 parts of invert syrup for each 10 parts of cream by 
weight. To the third was added 1.5 parts of sucrose for each 10 
parts of cream. The fourth portion was separated to produce 
60 per cent cream and sucrose was added at the rate of 40 parts 
of sugar to 60 parts of cream. 

All four lots of cream were placed in well-tinned ice cream cans 
and frozen at —15°F. After fourteen days they were thawed by 
immersion in cold water. 

The appearance after melting of the sweetened cream in each 
instance was smooth and practically free from granules of milk 
fat. In the first series of experiments, the appearance of the 
cream to which the sucrose had been added, was not as smooth as 
that of the cream which contained invert syrup. This was ap- 
parently caused by the difference in the freezing point depression 
induced by the sucrose and the inverted sugar, because the gran- 
ular condition was avoided by the addition of larger amounts of 
sucrose in this second series of experiments. That portion of the 
cream which contained 40 per cent sucrose was similar in body to 
sweetened condensed milk. It had a slightly translucent appear- 
ance and a very pleasing flavor. The non-sweetened portion 
presented the usual granular appearance and was the only lot to 
show fat separation during the pasteurizing of the mix in which 
it was used. 

Four mixes were made which differed from each other only in 
that they contained a different one of the four lots of cream. 
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They were identical in composition to the mixes of the first series 
of experiments and were made and processed in the manner which 
has been described. 

This procedure was repeated during June, 1930 until three 
different lots of cream had been so divided and treated. 

The results of the freezing operations are summarized and pre- 
sented in figure 2 and table 1. 


o-/rozen cream + sugar 
invert 
Cream +40% sugar 
x=Frozen cream 


Per cent Swel/ 


4 


Time in pine af ter turning off brine 


Fig, 2. Tae InFLuENcE or SWEETENED CREAM, FROZEN FOR 14 Days, ON THE 
DEVELOPMENT OF SWELL oF Ice CREAM 


The swell developed by the mixes containing the sweetened, 
frozen cream was practically identical, regardless of the sugar con- 
tent of the cream. The swell obtained in the mix containing the 
non-sweetened, frozen cream, developed more slowly and attained 
a lower maximum. 

Here again is evidence of the tendency of sugar to prevent that 
change in frozen cream which causes a decrease in the develop- 
ment of swell of the ice cream mix in which it is used. 

Observations indicated that the quality of the ice cream was 
not altered by the difference in the treatment of the frozen cream. 
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THE EFFECT ON THE DEVELOPMENT OF SWELL OF USING EGG YOLK 
FROZEN WITH AND WITHOUT SUGAR 


A third experiment was planned to determine the effect on the 
development of swell of the mix of the use of egg yolk frozen with 
sugar to prevent the separation of lecithin. 

The yolks of 18 eggs were mixed together and then divided into 
two equal portions. One portion was not altered but to the sec- 
ond was added 1.33 parts of invert syrup for each 10 parts of egg 
yolk by weight. The yolks were then placed in well-tinned cans 


© Frazen egg yolk + mvert 


e=Frozen egg yolk 
— 


egg yolk 


Per cent Swell 
3 


Time in minutes otter turning off brine 


Fig. 3. Tae InrituENcE or Youks, Frozen INverT ON THE 
DEVELOPMENT OF SWELL oF CREAM 


and frozen for forty-eight hours at —15°F. The containers were 
then placed in cold water until all ice disappeared. 

The appearance of the sweetened egg yolks was not altered by 
this treatment, but the non-sweetened lot contained small, dark 
orange-colored jelly-like masses which could not be reincorporated 
by agitation. 

An ice cream mix of the usual composition was made in which 
butter served as the source of milk fat and dry skimmilk as the 
source of skimmilk solids in order that no appreciable quantity 
of lecithin could be present in the milk products. It was divided 
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into three 50-pound portions. To one lot was added the non- 
sweetened egg-yolk. To the second was added the sweetened 
egg-yolk. The third portion remained unaltered. Each portion 
was then pasteurized, homogenized, cooled and aged in the usual 
manner which has been described. 

The three mixes were then frozen and the results are shown in 
figure 3. 

The swell developed by the mix which contained the sweetened 
egg-yolk was slightly higher than that of the mix which contained 
the non-sweetened egg-yolk. Both of these mixes possessed dis- 
tinctly better whipping properties than the egg-free mix. 

The process of freezing and thawing the egg-yolks caused a 
change in their influence on the development of overrun. The 
addition of sugar to the yolks, before they were frozen, decreased 
the intensity of this effect. The work of Urbain and Miller sug- 
gests that these results were due to the influence of the sugar on 
the lecithin of the egg-yolk. 


CONCLUSIONS 


Ice cream mix which contains sweetened frozen cream as the 
only source of milk fat possesses better whipping properties than 
mix which is made with non-sweetened frozen cream. 

Invert syrup and sucrose are equally effective for sweetening 
cream for storage if the concentrations of each cause approxi- 
mately the same freezing point depression in the storage cream. 

The available evidence indicates a possible relationship between 
lecithin and the swell development of ice cream mix. 
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XXXIII. THE DETERMINATION OF VITAMIN A AND ITS STA- 
BILITY IN BUTTER FAT TO ULTRA VIOLET RADIATIONS* 
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In making use of the ultraviolet rays as an antirachitic activat- 
ing agent, it is necessary, of course, to consider harmful or destruc- 
tive effects which may be produced simultaneously as the food 
materials are exposed. It is well known that protein substances 
become coagulated, that enzymes are destroyed and that even 
starches acquire a very distinctive taste upon long exposure. 
Zilva (1) showed that vitamin C in decitrated lemon juice was not 
destroyed by exposure to the radiations of a quartz mercury vapor 
lamp for six to eight hours; vitamin B in autolyzed yeast, after 
being exposed for six hours, apparently was not destroyed, but 
vitamin A in butter showed itself to be much more labile to this 
treatment, because after an exposure of eight hours, the butter fat, 
fed at a level of 2 per cent did not prevent the incidence of ophthal- 
mia in rats. Spinka (2) reported that ultraviolet light did not 
destroy vitamin B in yeast nor vitamin C in lemon juice, but 
treated butter fat was found toxic unless air was excluded. Zilva 
(3) reported that the death of Spinka’s mice possibly was not 
due to toxicity but to destruction of vitamin A. These deduc- 
tions were based upon Zilva’s experience with rats in his previous 
paper (1). Later Zilva (4) showed that this destruction was due 
to ozone generated during the course of radiation. When the 
radiation was carried out in CO, vitamin A was not destroyed. 
Peacock (5) and Holmes and Pigott (6) also referred to vitamin 
A destruction by ultra violet. Titus, Hughes, Henshaw, and 
Fitch (7) showed that in the irradiation of milk, vitamin A con- 

* Published with the permission of the Director of the Wisconsin Agricultural 
Experiment Station. Received for publication October 2, 1930. 
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tained therein was materially decreased. Drummond (8) has 
been reported as having pointed out the possibility of vitamin A 
destruction in the course of activation of milk, and also of having 
called attention to the well known changes produced in pal- 
atibility. Steenbock and Coward (9) pointed out that both 
vitamins A and B showed remarkable stability to ultraviolet 
treatment. Hogan and Hunter (10) found that while vitamin B 
was not destroyed, the heat stable factor often accompanying it 
was destroyed. Supplee and Down (11) found that milk could be 
activated either in the dry or liquid form by a short time exposure 
with careful control of other conditions without destruction of 
vitamin A or induction of toxic effects. Steenbock and Black 
(12) showed that olive oil excessively irradiated lost the anti- 
rachitic activity originally induced. With cod liver oil they like- 
wise found that after long continued exposure the oil became 
totally devoid of antirachitic potency. This probably explains 
why it is impossible (13) to increase materially the antirachitic 
potency of cod liver oil even though it contains activatable sub- 
stances. Presumably the compounds already activated are de- 
stroyed in the same measure as the unactivatable substances 
become potent. Willimott and Wokes (14, 15) found that in 
cod liver oil destruction of vitamin A continued after irradiation. 

The above resumé of the experience of various investigators 
shows very definitely that the induction of antirachitic activation 
in food materials by means of ultraviolet irradiation must be 
carried out very carefully. Especially is this true of such foods 
as milk, which due to their content of labile proteins and fats are 
probably as susceptible to harmful agents as any with which we 
have to deal. 


EXPERIMENTAL 


In the various June butter fat samples irradiated as described 
in the preceding paper of this series (16), determinations for 
vitamin A content were made with samples which had been irra- 
diated for 30 minutes, 60 minutes, and 120 minutes. As will be 
recalled, these samples in general were irradiated with a quartz 
mercury vapor lamp of the Alpine Sun type, exposing the butter 
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fat at depths of 0.08, 0.16, 0.32, 0.64, and 1.28 cm. in bright pie 
tins, 72 inches in diameter. Due to the fact that Zilva (4) 
reported failure of destruction of vitamin A when the irradiation 
was carried out in an atmosphere of CO,, additional samples of 
butter fat were prepared which were irradiated at a depth of 0.08 
em. in the presence of nitrogen, carbon dioxide, and hydrogen. 
These exposures were made on 9.3 cc. of butter fat measured out 
into a small tin pan 10.8 cm. square. This pan was slipped into a 
small galvanized iron chamber, provided with a quartz window. 
The chamber was then closed by means of a plate clamped down, 
air tight, on a rubber gasket. The air was displaced from the 
chamber by the aforementioned gases as measured out from tanks 
into a large rubber balloon. The carbon dioxide and hydrogen 
were used as obtained commercially. The nitrogen was further 
purified by passing it through alkaline pyrogallol. 

The content of vitamin A in the butter fats was determined 
on the premises outlined by Steenbock and Coward (9). We used 
animals produced in our general stock at approximately 40 grams 
in weight and approximately twenty days old. The basal ration 
used was composed of purified casein 18, agar 2, salts 40, (17) 
4, yeast 8, dextrinized starch 68. This ration, in order to endow 
it with antirachitic properties in excess, was irradiated in 250 
grams quantities in a pan measuring 2 feet square for a period of 
30 minutes. It was stirred once after 15 minutes’ exposure. The 
irradiation was carried out at a distance of approximately 18 
inches, with the same lamp as that used for the treatment of 
butter fat. After the animals had been on this ration for a 
sufficient period of time to develop ophthalmia,—which was 
usually in the neighborhood of five weeks, they were taken for 
test. At first, we used the animals by litters. When the ma- 
jority of the rats in a litter had developed ophthalmia, the entire 
litter, irrespective of the condition of the others, was taken. 
However, we soon discovered that there was no greater uniformity 
in the reaction of individuals from the same litter than from 
different litters. Accordingly, for most of the experiments the 
animals were taken without regard to litters, as soon as they had 
developed the desired degree of ophthalmia. This ophthalmia 
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was designated as stage 3 which was characterized by a severe 
erythema accompanied by bareness of eyelids, occasional lacera- 
tion with excessive exudate sometimes causing closure of the 
eyes. In order to follow the progress of the disease in its de- 
velopment, as well as its regression, the ophthalmias were classified 
by number according to severity. The progressive stages are: 


0—Normal 
1—Accumulation of exudate, dry or moist 
2—Swollen eyelids with or without incipient bareness 


3—Erythema of conjunctiva, with or without bareness, laceration 
or closure 


4—Purulency, accompanied by closed eyes with severe swelling 
and occasional blindness 


and the regressive changes: 


3—Absence of purulency, but persistence of erythema, bareness, 
swelling and exudate with eyes open or closed 

2—Absence of erythema, but eyes still swollen, cornea cloudy, 
presence of exudate, eyelids bare 

1—Absence of acute reaction, but eyes slightly dirty or watery 
with or without protrusion of cornea and presence of scar 
tissue 

0—Normalcy; absence of exudate, bareness of lids and scar tissue 


Inasmuch as Evans and Bishop (18) have reported the per- 
sistence of cornified cells in the vaginal smear of females as a far 
more sensitive symptom of vitamin A deficiency, than ophthal- 
mia, we have examined some of our animals using their technique. 
Our experience is limited to 13 animals. These were started on a 
vitamin A free diet at an age of 21 to 22 days. They developed 
ophthalmia after four to five weeks on this ration. When ex- 
amined for the presence of cornified cells in the vaginal smear 
after they had been on the ration for 37 to 41 days they were still 
relatively immature as the vaginal orifice was found closed. 
They were kept under observation from 5 to 25 days, after which 
periods all except one had died as a result of the dietary de- 
ficiency. When the observations were started, 4 of the animals 
were in stage 2 ophthalmia, 6 were in stage 3, and 3 were in 
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stage 4. With these severe ophthalmias only 5 females showed 
the presence of cornified cells. Most of them had very scanty 
smears and later showed a definite cyclic rhythm. Shortly before 
the cessation of observations, 8 females had cornified cells. From 
this experience, limited though it is, we are inclined to believe that 
data on ophthalmia are more satisfactory than those obtained 
by Evans’ technique (18). If in our experimets we made the 
mistake of using the females at too early an age, taking them at 
this age has much to commend it because when the animals are 
taken later, the storage reserves are frequently so high that 
depletion occurs relatively slowly. 

For the determination of vitamin A the butter fat was for the 
most part fed incorporated in the ration. This procedure was 
felt to be justified because we obtained the total consumption 
records throughout the period of feeding. We have, therefore, a 
check on the amounts of butter fat received by the animals in the 
different groups. However, in some of our experiments, namely 
in those in which we tested out the effect of gases other than air 
on the preservation of vitamin A, the butter fat was measured 
out in small quantities in dishes,—the basal ration in all cases 
being fed ad libitum. In terms of percentage of the ration, 
butter fat irradiated for 30 minutes was fed at levels of 0.25, 
0.5, 1.0 and 2.0 per cent; irradiated for 60 minutes at 2 per cent, 
and irradiated for 120 minutes at 1, 2, 4 and 8 per cent. 

The results on ophthalmia are not all presented for the simple 
reason that 4 out of the series of 9, happened to be run at such a 
level that they alone bring out the approximate border line of 
persistence as contrasted with the destruction of vitamin A. 
In table 1, as in the other tables, the vacant line represents the 
line of reference with respect to the condition of the ophthalmia 
in the animals after two weeks on the supplemented diet. 

Table 1 shows that butter fat irradiated for 30 minutes in- 
corporated in the ration at 0.5 per cent level had appreciable 
quantities of its vitamin A destroyed when irradiated at depths 
of 0.08 and 0.16 cm. When irradiated at greater depths the 
rapidity in the cure of ophthalmia was not different from that 
effected with the feeding of untreated butter fat at the same level. 
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Table 2 shows that when the butter fat was fed at a 1 per cent 
instead of a 0.5 per cent level as in table 1 the ophthalmias were 
cured in all the groups with equal efficiency. It is to be empha- 
sized that little importance is to be attached to the persistence of 
stage 1 of ophthalmia because scar tissue is usually absorbed 


TABLE 2 
Cure of ophthalmia with butter fat irradiated thirty minutes, 1.0 per cent 
in ration 
DEPTH OF BUTTER FAT WHEN IRRADIATED 
NON-IRRADIATED 
WEEKS 0.08 cm. 0.16cm. | 0.32 cm. 0.64 cm. 1.28 cm. 
Lot 13 Lot 19 Lot 14 Lot 15 Lot 16 Let 17 Lot 18 
0 0} 3} 3} 3} 1) O} 3} 2) 3) 3] 1) 2} 313} 21/3) 
1 0} 2) 3} O} OF 3} 3) OF 270) 3) 
2 t} 1) 1) 0} 0} O} 1) 1) 1 
3 1} 1] 0} 0} 0 0} 1; 0) 1) 1 
4 1} 1) 0,0; 0; 0 0} 1) 0} 1) 1) 0 0 
6 0} 1,0 0} 1) 0} 0} 0} 0 0 
TABLE 3 


Cure of ophthalmia with butter fat irradiated two hours, 2.0 per cent in ration 


DEPTH OF BUTTER FAT WHEN IRRADIATED 

NON-IRRA- 

0.08 cm. 0.16 em. 0.320m. | 0.64cm.| 1.28em.| 
Lot 7 Lot31 Lots |Lots2| Lot | Lot10 | Lotit Lot 12 

1 3 | 2] 21 2! of 3} 3} 3) 3] 1] 1} 0} 3} 1) 1 
3 titititititit) 3] 1] O} O} O} 1) O} 
4 t 1 t} | 0} 0} a] of 0) 1) of 


with great difficulty. Regressive stage 1 is, therefore, to be 
taken as of practically the same value as stage 0. 

Table 3 shows that more destruction resulted when the butter 
fat was irradiated for two hours at depths of 0.08 and 0.16 cm. 
than at the greater depths. When the amount of butter fat in 
the ration was increased from 2 to 4 per cent (table 4) this greater 
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destructive action at the aforementioned depths was still 
definitely demonstrable. 

We have also noted that when the butter fat was exposed for 
60 minutes instead of 120 and fed at a 2 per cent level, the 
ophthalmias were cured inside of two weeks to stage 0 and stage 
1, even with those samples which had been exposed at a depth of 
0.08 and 0.16 cm. The detailed results of these trials are not 
presented. 

The above results, together with those presented in the preced- 
ing paper (16), bring out convincingly that while antirachitic 


TABLE 4 
Cure of ophthalmia with butter fat irradiated two hours, 4 per cent in ration 


DEPTH OF BUTTER FAT WHEN IRRADIATED 
WEEKS 0.08 cm. 0.16 cm. 0.32 cm. 0.64 cm. 
Lot 23 Lot 38 | Lot 42 Lot 24 Lot 43 Lot 25 Lot 44 Lot 26 
0 | 3) 3) 2) 0) 3} 3} 2) 3) 3) 1,0) 3) 3) 3) 3 
1 1) 1) 2} 3) 3/0) 3 1) 1) 3} 3} 1) 0} 2) 3) 113 
2 8311/2); 3) 2) 2) 1) 1) 3) 10 
5 3 3/1) 1,00 1,0; 0,0 
6 3/3 t 3/1; 0) 0/0 0} 0} 0 
7 tit 3 
8 3 
9 3 


activation is effected more pronouncedly with the butter fat 
exposed in thin layers, concomitantly greater vitamin A destruc- 
tion also results. The significance of the observed destruction 
with 30 minutes’ exposure at a depth of 0.16 cm. must not, 
however, be over emphasized, because when the amount of butter 
fat in the ration was doubled, sufficient vitamin A was still 
present to effect a rapid cure of ophthalmias. 

Besides using the cure of ophthalmia as our criterion for vitamin 
A content of the butter fat samples, we also kept records of the 
growth of the animals before and after supplementation of the 
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basal ration. The animals were weighed once a week and their 
growth curves plotted as presented in charts 1 to 5. In chart 1 
are presented the results obtained with butter fat irradiated at 
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depths of 0.08, 0.16 and 0.32 cm. when fed at levels of 0.25 and 
0.5 per cent of the ration. We have not presented data on the 
cure of ophthalmia at the 0.25 per cent level of intake because this 
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was too low an intake to effect a cure even with the butter fat 
irradiated at the greater depths, but we have included the 
growth curves at this level of intake to bring out that growth was 
not markedly, if at all, inferior to that in the 0.5 per cent of fat. 
It will be recalled that on 0.5 per cent of fat, we obtained rapid 
cure of ophthalmia with butter fat irradiated at a depth of 0.32 
cm., as contrasted with 0.08 and 0.16 cm. Inasmuch as the 
differences in growth do not bring out these relations we were 
at this point inclined to believe that the ophthalmia method of 
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vitamin A determination was to be preferred to the growth 
method. It will be noted that in the charts not all of the growth 
curves of the animals on which we have ophthalmia data are 
presented. Those shown are in every way representative of the 
groups as a whole. 

In chart 2 are presented data with butter fat fed at a level of 
1 per cent irradiated for 30 minutes at depths of 0.16, 0.32, 0.64 
em. At this level of intake the growth curves are in every way 
comparable to the results on ophthalmia. 

In chart 3 are shown the growth curves comparing butter 
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fats irradiated in depths of 0.08, 0.16, and 0.32 em. for periods of 
one as contrasted with two hours, fed at a 2 per cent level. When 
the butter fat was irradiated for one hour, growth in the animals 
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was very promptly restored at all depths; but, when irradiated 
for two hours, growth was restored only with that which had been 
irradiated at 0.32 cm. Comparing these results with our ophthal- 
mia data, it is significant that in this case the growth data are in 
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entire accord with our results on ophthalmia. By way of ex- 
plaining this difference, as compared with our observations in the 
groups previously discussed, we are inclined to believe,—although 
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the data selected for publication in this paper do not prove the 
point—that the growth observations harmonize with the cure 
of ophthalmia only when the loss in weight or the maintenance of 
constant weight previous to the change of the diet has been 


TABLE 5 
The average daily consumption by individual animals during the first two weeks or 
until death when the animal died sooner 


DEPTH OF BUTTER FAT WHEN IRRADIATED 
|NON-IRRA- 


DIATED 

0.08em. | | 032em. [0.66 cm.|1.28 em. 

0.25 per cent butter fat irradiated 30 minutes 

Lot 51 Lot 53 Lot 55 Lot 49 
grams grams grams grams | grame grams 
5.6 4.4 9.3 4.3 
5.0 4.6 6.4 6.2 
6.4 5.6 4.3 7.7 
3.2 3.0 6.7 8.4 
5.9 
3.7 
Average per rat.... 5.1 4.4 6.7 5.5 


0.5 per cent butter fat irradiated 30 minutes 


Lot 50 |Lot 46 |Lot52 |Lot 47 |Lot 54| Lot 30 | Lot 29| Lot 22 

8. 6.9 4.7) 61) 49) 2.9 

4.7) 7.1 | 7.3) 7.4)8.9) 7.3) 5.0) 5.8] 7.3 

6.7) 46 7.9) 8.1) 4.5 8.4 

5.1 | 5.0| 6.0 | 5.9 7.9 4.1 

7.4 

Average per rat.... 6.3 6.7 6.7 6.4) 5.8 6.0 


1.0 per cent butter fat irradiated 30 minutes 


Average per rat.... 


2.0 per cent butter fat irradiated 120 minutes 


Lot | Lot | Lot | rot 8 |Lots2| | Lot 10| Lot 11| Lot 12 
4.97.45 | 5.4| 6.6 7.6 6.3 8.1 
3.5) 4.9) 2.6 | 2.6 6.6 5.5] 8.4 5.4 
3.7) 5. 4.1/6.1 5.8 6.1 7 
1.4 6.2 7.9 7.1| 8.8 8.1 
Average per rat.... 4.5 4.8 7.0 7.2) 7.4 7.2 


Tet | Lot 19 Lot 14 Lot 15 | Lot 16| Lot 17| Lot 18 

3.8} 5.0 3.1 3.2 1.9| 4.4 6.8 

6. 5.4 8.1 6.7 7.6) 8.1 6.4 

4.9° 3.9 6.4 7.4 5.7 5.0 

8.2 7.4 6.4 7.8 

5.4 6.3 5.8 5.4] 6.3] 6.5 
241 
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TABLE 5—Concluded 


DEPTH OF BUTTER FAT WHEN IRRADIATED woe 
DIATED 
0.08 em. 0.160em. | 032cm. |0.64cm.|1.28em. 
4.0 per cent butter fat irradiated 120 minutes 
| | |Lot 24 [Lot 43 |Lot 25 |Lot 44| Lot 26 
5.0) 4.8) 5.9) 3.9) 7.6) 7.1 | 8.6) 7.5 
5.6) 3.1) 7.7| 4.6 | 6.6 | 7.9 | 10.4) 5 
4.8 5.9 7.1) 8.4 9 
5.3 7.8 8 
Average per rat.... 5.3 5.7 8.2 7.4 


N.B. To compare with ophthalmia data (tables 1 to 4), tables5 should be read 
taking each column in order from left to right. This will give the consumption 
corresponding for each rat. 


of short duration. This is in accordance with the observations of 
Macy and co-workers (19). 

Chart 4 shows that with the butter fat irradiated for two hours, 
fed at 4 and 8 per cent of the diet, growth was not resumed by the 
animals, where the butter fat had been exposed at depths of 0.08 
and 0.16 em. At greater depths, namely, 0.32 and 0.64 growth 
was reinitiated promptly even at the 2 per cent level of intake. 
This is again in entire harmony with our observations on ophthal- 
mia, which presentation in the charts, however, is limited to the 
4 per cent level of intake. The data of the 8 per cent level of 
intake are not presented in order to conserve space. 

As previously stated, consumption records were kept in all of 
the foregoing experiments in order to allow us to check the intake 
of butter fat. In the course of our experiments we have fre- 
quently had occasion to feed a dietary supplement in portions 
separate from the basal ration. Under many conditions we 
have found this entirely satisfactory, but in other cases, we have 
been led to doubt the advisability of such a procedure because it 
gives the experimenter no guarantee that the basal ration is con- 
sumed in sufficient amounts unless this is checked up also. We 
have, therefore, felt that records of the total food intake are far 
more satisfactory. For the reader’s convenience and assurance 
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of validity of deductions the records of food consumption for the 
first two weeks have been presented in table 5. While data were 
accumulated over the entire experimental period, it was thought 


TABLE 6 
Cure of ophthalmia with butter fat irradiated in air nitrogen, carbon dioxide, and 
hydrogen 
80 mgm. daily 
WEEKES 
its Lot 64 Lot 65 Lot 68 Lot 70 Lot 56 
O | 3} 3} 3] 3 3} 3) 3} 3} 3) 3) 3) 4) 4 3| 3| 3| 3| al 3 3} 3) 3) 3 
1 | 3) 3} 3} 3} 3) 3) 1) 3) 1) 3) 1) 3} 3] 3] 2 3) 3) 3} 2) 20) 
2 | 3] 3) 3) 3) 3] 3] 2) 3) 3} 3) 3) 3) 3) 1) 3} 2 2 2) O10 
3 2) 3) ti tl 3} 0} 3) | t 2) 3) 3) 3} 1) 3) 3) 1) | 2 
4 3} 0) 3 1) ft} 3} 3) 1) 3) ti tT 
5 3} 0} 3 1 3} 3} 1) 3 t 
6 t} 0) 2 t t 
7 0} 1 
8 1 
| |t 
320 mgm. daily 
WEEKES 
Lot 66 Lot 67 Lot 69 Lot 71 Lot 72 | Lot 59 
0 3 | 3] 3] 3} 3) 3) 3) 3] 3) 3) 3} 3} 3} 3) 3) 3) 3] 3} 3) 3) 3) 3 | 3) 4 3) 3 
1 3 | 3} 3} 3] 2} 3) 1) 3} 3) 3) 3} 2 1) 3) O} 3} 1) 1) 1) 0,0 
2 3 | 3} 3} 2] O} 1) 3} | 2) 1) 0) 1) 1 
3 3 | 2) 3) 2 1 1 0} 1 1) 0} 2, 0} 1 
4 2) ti t} 2 1 
5 3 t 1 
6 3 
t 


sufficient to present only the first two weeks because with a 
satisfactory consumption for this period the animal should have 
responded to the dietary supplement if it contained a sufficiency 
of vitamin A. 
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Comparing the results of our previous experiments (16) with 
the present, it appears that, approaching the point of maximum 
activation of butter fat, there becomes incident the destruction of 
demonstrable amounts of vitamin A. To determine if this is 
avoidable by eliminating oxidation, butter fat was irradiated in 
air, nitrogen, carbon dioxide, and hydrogen at a depth of 0.08 
cm. Two hours was selected as the time of exposure, this being 
sufficient to effect complete destruction of vitamin A as revealed 
in the previous experiments. The butter fat in these experiments 
was fed separately in small containers, the basal ration being 
available for ad libitum consumption. In one series, animals 
were given 80 mgm. butter fat daily, and in the other 320 mgm. 

Table 6 shows the results obtained with both levels of intake. 
It is evident that irradiation in air as contrasted with irradiation 
in nitrogen, carbon dioxide, and hydrogen, was more destructive, 
but on the other hand, preparations made in this manner com- 
pared with untreated butter fat showed that destruction of 
vitamin A was not prevented. In these experiments we also 
kept a record of the growth response of the animals, which gave 
results in entire harmony with the cure of ophthalmia. In 
order to conserve space these data were not charted. 

In our experiments we did not obtain any evidence of toxicity 
of irradiated butter fat as reported by Spinka (2). It is well 
known that with excessive irradiation not only does there result 
complete destruction of vitamin A, but also bleaching and trans- 
formation of butter fat to a tallowy substance. When the ex- 
posure is continued to such extremes, it is, of course, entirely 
possible that not only unpalatability, but substances inimical to 
the welfare of the animal are produced as well. Willimott and 
Wokes (14, 15) claimed that, in cod liver oil, destruction of vitamin 
A continued after irradiation. While this is a possibility in view 
of the fact that ultra violet treatment is known to produce 
ozonides, yet in our experiments we failed to find any demon- 
strable decrease in vitamin A with irradiated butter fat stored 
for a period of seven months (chart 5). The storage conditions 
selected were those of room temperature and ice box temperature. 
The butter fat used for these experiments was irradiated at a 
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depth of 0.16 cm. and for 30 minutes under the Alpine Sun Lamp 
as previously described. These samples were fed in comparison 
with non-irradiated butter fat kept under the same conditions. 


Chart V. [Purative Effectp of Pat Ipradipted 
Irraiiatefi, Stbred 7 Months at Roop Temperathre ahd in Refrigerator 


Fat IrraBiateb, Stbred bt Robm Temperakure 


EB 
ax 


var 


Cuart 5 
| incidence of ophthalmia, | change of ration, ¢ death 


Levels of intake were 1 and 4 per cent. To insure the animals 
getting a sufficient intake of the butter fat, records were kept 
throughout the experimental period. 


q 
| 
7 
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Table 7 and chart 5, which present the data on ophthalmia and 
growth respectively, show that when stored at room temperature 
after irradiation for this comparatively long period, there had 
resulted little destruction of vitamin A. These changes must be 
interpreted in the light of the consumption records presented in 
table 8. In this table it is seen that the average consumption of 


TABLE 7 


Cure of ophthalmia with butter fat irradiated and non-irradiated and stored under 
various conditions 1 per cent in ration 


NON-IRRADIATED, 
Lot 74 Lot 81 Lot 76 Lot 78 Lot 80 
| 3} 3} 3} 3) 3) 3} 3) 3} 3) 3} 3) 3) 3 3} 3} 3} 3} 3) 3] 3} 3) 3) 3] 3) 3) 3] 3) 3 
1 | 3} 2} 2) 3} 3) 1) 3) 3} 3} 2) O} OF O} 1) 2 2 OF 2 2 1) 2 2) 3} 3} O11) 1,0 
2 | 1) 0} 3) 2 3} 3} 1) 0} O} O} 1) OF O} 2 O} 1) 3) O10 
3/1 0} 0 2} 1] 0} O} 1) OF 2; 1 0} 0} 0} 0} 0} OO 
4 0} 0} 1} 0 0 0 
t 
4 per cent in ration 
IRRADIATED, NON-IRRADIATED, 
Lot 73 Lot 75 Lot 77 Lot 79 Lot 82 
0 3} 3} 4) 3} 3) 3) 3} 3) 3) 3] 3) 3) 3) 3) 3) 3) 3) 3) 4) 3) 4) 3) 313)3 
1 0} 1) 2} O} O} O} 3} 2 O} 1) OF 1) 2 2 1) 2 1) 2) 
3 0} 0} 1) O} O} O} 1) 1) O} O} O} O} O} 1) OF O} 1) 0) 1,0) 


some of the groups receiving the stored butter fat was slightly 
lower than the others. The difference in intake, however, was not 
of such an order as to be outside of experimental error, either due 
to variation in the groups of animals or accuracy of the experi- 
mental method when carried out under the best of conditions as 
recognized at the present time. 
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TABLE 8 
Average daily consumption of individual animals during first two weeks or until 
death of animal died before being two weeks on supplemented ration. 
(Butter fat stored seven months) 


1 per cent in ration 


IRRADIATED, STORED AT ROOM NON-IRRADIATED, STORED 
TEMPERATURE AT ROOM TEMPERATURE 
Lot 74 | Lot 81 Lot 76 


Grams consumed. 


6.0 8.2 
IRRADIATED, STORED IN ICEBOX In 
Lot 78 Lot 80 


Grams consumed. ..| 7.8| 6.0| 6.4) 8.5| 6.5 4.7| 6.1} 8.2) 8.2| 9.1] 9.9 6.1{7.3 


4 per cent in ration 


IRRADIATED, STORED AT ROOM NON-IRRADIATED, STORED AT 
TEMPERATURE ROOM TEMPERATURE 
Lot 73 Lot 75 


Grams consumed. ..| 6.6 | 8.0| 10.4! 8.3 9.3] 10.6] 9.1| 6.2| 8.9| 10.3| 9.0| 9.4 


8.9 8.8 
IRRADIATED, STORED IN 
ICEBOX NON-IRRADIATED, STORED IN ICEBOX 
Lot 77 Lot 79 Lot 82 


Grams consumed. 
7.3 10.7 


SUMMARY 


Different techniques for determination of vitamin A have been 
discussed. The Evans-Bishop technique was found to have no 
advantages over those techniques which depend upon the reinitia- 
tion of growth or the cure of ophthalmia. Of these latter the 
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ophthalmic method was preferred, because of the specific nature 
of its reaction, and its rapid responsiveness. The growth method 
was also found reliable and correlated closely in results obtained 
with the ophthalmic method when the animals were taken for 
test shortly after growth ceased. Furthermore, with animals of 
variable weight we experienced difficulty in deciding just when 
they should be taken for the growth test. 

Vitamin A is destroyed by ultraviolet treatment even when the 
irradiation is carried out in an atmosphere of CO:, nitrogen, or 
hydrogen. However, these gases apparently do retard the 
destructive reaction somewhat. It is still possible that our 
preparations of butter fat may have contained a sufficiency of 
oxygen in solution to have allowed destruction by oxidation. 
This hypothesis appears tenable when one takes into considera- 
tion the very small amounts of vitamin A which can produce cure 
of ophthalmia or reinitiation of growth. 

The destruction of vitamin A was found to be proportional to 
the time of exposure and inversely proportional to the thickness 
of the layer of fat exposed. 

The irradiation necessary to secure maximum activation was 
found to cause some destruction of vitamin A. Practically, 
however, maximum activation may not be desirable from the 
dietetic standpoint, so that the antirachitic activation of butter 
fat by direct irradiation is a practical possibility without danger 
of destroying vitamin A. 

Butter fat, antirachitically activated, was found to have 
retained most of its vitamin A even after storage for seven months 
at room temperature. 
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THE RELATION OF CERTAIN PLANT PROCESSES TO 
FLAVOR DEVELOPMENT IN MARKET MILK* 


P. H. TRACY anv H. A. RUEHE 
Dairy Department, University of Illinois, Urbana, Illinois 


There are various marketing operations necessary to give raw 
milk a desirable form and place utility. To determine the rela- 
tionship existing between certain of these processes and the flavor 
development in market milk, this study was made. 


MILK GRADING 


To encourage the production of milk relatively free from bac- 
teria many milk plants have adopted systems of grading, whereby 
the producers are rewarded or penalized according to certain bac- 
terial standards. That buying milk on a bacterial grade basis 
will enable the plant operator to develop a raw milk supply of 
relatively low bacterial content is evidenced by the record of milk 
grading at the University of Illinois Creamery for the year ending 
September 1, 1928. During this period milk was purchased from 
forty to forty-five producers who averaged about 100 pounds each 
daily. A bacterial count was made on all milk once each week, 
using the Official Plate Method. A monthly summary of the 
record of the results is shown in table 1. The data show that 
34.48 per cent of all deliveries investigated had a count not exceed- 
ing 50,000 bacteria per cubic centimeter, while only 34.92 per 
cent of all deliveries had a count of over 200,000 bacteria per 
cubic centimeter. 

This record indicates that most of the milk delivered was rela- 
tively low in bacteria. However, as it was thought possible to 
make further improvements, a system of farm inspection was 
adopted. A bacterial count was made once a week (twice a week 


* An abstract of a thesis submitted by P. H. Tracy in partial fulfillment of the 
requirement for the degree of Doctor of Philosophy in Dairy Husbandry in the 
graduate school of the University of Illinois, 1930. Received for publication 
October 10, 1930. 
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in summer) upon each patron’s milk and in case the results indi- 
cated some neglect at the farm the University representative 
immediately called and conferred with the producer in regard to 
possible causes of the trouble. 

In addition, during June, July, and August, a temperature 
standard was established in order to encourage proper cooling 
of the milk at the farm. Any milk having a temperature of 70°F. 
or over when delivered at the Creamery was penalized one grade, 
the lowest of the four grades being excepted. 


TABLE 1 
Summary of bacterial counts on raw milk delivered to the university creamery 
Percentage of all deliveries containing following bacterial counts 


1-10 THOUSAND 
BACTERIA 
PER CUBIC 
CENTIMETER 


10-50 rHov- 
SAND BACTERIA 
PER CUBIC 
CENTIMETER 


50-200 THov- 


PER CUBIC 
CENTIMETER 


200-500 rHOv- 


SAND BACTERIA/SAND BACTERIA 


PER CUBIC 
CENTIMETER 


OVER 500 THOU- 
SAND BACTERIA 
PER CUBIC 
CENTIMETER 


1928- 
1929 


1928- 
1929 


50.00 
58.00 
34.70 
42.00 
32.65 
53.06 
54.34 
45 .82 
15.54 
28.21 
18.56 
22.50 


37.95 


1927- 
1928 


1928- 
1929 


1927- 
1928 


SSERSSRSSREE 


% 


13.60)10.35 


A summary of the bacterial checks for the year beginning 
September 1, 1927, and ending August 31, 1929 is given in table 1. 
It is plainly evident that the grading program followed the second 
year was more effective in securing a raw milk supply of a low 
bacterial content than was that followed during the preceding 


twelve months. The average percentage of total deliveries 
having a count less than fifty thousand bacteria per cubic centi- 
meter was increased from 34.48 to 63.82, while the percentage of 


| 
| 
| 
September........| 2.24 | 14.54 gm) 19.4811 34.16] 2.30] 29.38] 4.76 
October. .........| 0.00 56.80 25.00|11.60} 6.80} 2.32) 11.40) 0.00 
November........| 0.00 36.32 29.50/14.28) 16.00) 4.08] 18.18) 0.00 
December. . ......| 0.00 31.20 37 .70|14.00) 15.55) 2.00) 15.55) 2.00 ae 
January. .........| 0.00 51.10 37.20| 4.09} 7.05] 0.00} 4.65] 0.00 
February.........| 2.27 72.70 22.76|10.20| 0.00) 4.09} 2.27] 0.00 
March............| 0.00 31.70 41.46|17.39| 9.77] 2.17] 17.07] 0.00 
April.............| 0.00 55.00 40.00/12.50| 0.00/10.42} 5.00) 0.00 | 
May.............] 0.00 16.60 39.00/40.06) 23.80/26. 64) 20.60)15.54 
June.............| 2.44 31.70 29.27/41.41) 9.75/15.19| 26.84) 8.68 
Jaly..............| 0.00 | 2.38 26. 18/34.92| 19.04|34.92) 52. 40)11.60 
August. ..........| 0.00 | 6.56 19.68/55.00| 21.34|20.00) 52.42) 0.00 
Average. .......| 0.58 3.55 30.60/22. 28 21.31| 3.55 | 
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total deliveries having a count over two hundred thousand was 
reduced from 34.92 to 13.90. 


THE TEMPERATURE STANDARD 


Before the development of the Methylene Blue Reduction test 
for bacteria in milk, it was often the practice to establish a tem- 
perature standard during the summer months in order to force 
producers to properly cool their milk. However, with the adop- 
tion of the bacterial standards the temperature factor in many 
cases was no longer considered. A study made during August in 
a milk plant handling about fifty thousand pounds of milk daily, 
the milk being graded on the Methylene Blue Reduction test, is 
of interest in this connection. 

A summary of the data shows that of the lots of milk having a 
temperature of 70°F. or above when received at the plant, 39.4 
per cent were Grade A, 45.4 per cent were Grade B, and 13.7 
per cent were Grade C. Of those having a temperature below 
70°F., 53.6 per cent were Grade A, 43.5 per cent were Grade B, 
and 2.9 per cent were Grade C. Seventy-six per cent of all the 
milk received had a temperature of 70°F. or over. Considering 
all the milk received, 70.1 per cent of the Grade A, 76.7 per cent 
of the Grade B, and 93.5 per cent of the Grade C milk had a 
temperature of 70°F. or over. 

In a further study made at the University Creamery, it was 
noted that during the month of May, 1929, much of the raw milk 
was being delivered at a temperature over 70°F. During the 
last week in May the results of one day’s temperature check 
showed that only three out of forty-four deliveries had a tem- 
perature below 70°F. The minimum temperature of the milk 
when received was 60°F., and the maximum temperature was 
86°F. Since warm milk at the time of delivery is undesirable, the 
temperature standard referred to above was made effective June 
first. All milk having a temperature of 70°F. or over at the time 
of delivery (morning’s milk included) was penalized one grade, 
the fourth or lowest grade being excepted. A summary of the 
data showing the relation between the milk grade and the tem- 
perature during June, July, and August is given in table 2. 


| 
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It appears from these data that a temperature standard in con- 
junction with a bacterial standard will assist in improving the 
quality of milk through the encouragement of proper cooling. 
However, it will be noticed that the temperature of most of the 
milk as it reached the plant was such that, considering its age 
and possible bacterial seeding, bacterial growth would have been 
rapid had the milk not been immediately cooled or pasteurized. 

For some reason farmers find it possible to produce milk of 
reasonably low bacterial content without paying much attention 
to cooling. Unpublished data by Prucha and Tracy show that 
this is possible when milk is handled in sterile utensils. Milk 
drawn from the udder of a cow directly into sterile glass tubes 


TABLE 2 
Relation between milk grade and temperature 
PERCENTAGE| AVERAGE MAXIMUM MINIMUM 
| |, 2, | TEMPER: | | TEMPER- | 70°F. 
°F. 

Under 50,000) 249 | 53.5 | 67.2 75 56 81 
50,000-200,000] 124 | 29.1 68.8 76 62 62 
200,000-500,000 58 13.6 | 71.0 77 59 41.4 

Over 500,000} 16 3.7 | 69.4 80 56 37.5 


has been kept at 68°F. for fifteen hours without any appreciable 
increase in bacteria. It seems logical to conclude, therefore, that 
the low bacterial counts in the milks mentioned in the above 
studies were due to extensive use of chemical sterilizers on the 
part of the farmers, most of whom were known to use this method 
of utensil disinfection. 

It is evident that the milk grading program followed at the 
University Creamery has resulted in a raw milk supply of very 
low bacterial content. In turn it might be concluded that the 
quality of the milk was very high, since so much emphasis has 
been placed upon bacterial content that to some extent we have 
come to think of milk quality as being measurable by the amount 
of bacterial contamination. To be sure, only a small proportion 
of the milk received during the period of this study was of poor 
flavor due to bacterial action. Yet examination of a number of 
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these lots of milk has shown that the official “yardstick,’’ which 
specifies a bacterial standard only, is incomplete. Cowy, barny 
odors in the raw milk were common; puckery flavors were present 
in most samples; a few were tallowy, and some were metallic. 
On several occasions, milk was received which had a medicinal 
flavor. 


PASTEURIZATION 


The main purpose of pasteurization is to destroy bacteria pres- 
ent in milk. Incidently, however, the process results in the elimi- 
nation of some of the undesirable flavors. Several separate 
deliveries of milk were pasteurized in glass bottles and cooled in 
the same container. The flavor of the raw milk varied consider- 
ably. It was noticed with the exception of some feed flavors that 
in practically all cases the barn flavors in the raw milk were 
partially or completely eliminated by pasteurization. Puckery 
flavors as well as those of a medicinal nature were not appreciably 
benefited by the heat treatment. 

Continued holding of the milk at pasteurizing temperature 
should not be practiced because of the cooked flavor which results. 
In one experiment milk was placed in quart bottles which in turn 
were placed in a hot water bath in which the milk was heated 
to 142°F. At the end of every thirty minutes for a period of six 
hours a bottle was removed, and after cooling in cold water, it 
was placed in a 40°F. room. After twenty-four hours all the 
samples were judged for flavor. The samples removed at the 
end of thirty and sixty minutes were comparable. However, the 
third sample, the one held at 142°F. for ninety minutes had a 
cooked flavor. This cooked flavor defect became more noticeable 
in each successive sample, the one held six hours having a very 
pronounced cooked flavor. In batch pasteurization it is a good 
practice to drop the temperature of the milk in the vat to about 
125°F. if the bottling will require much more than thirty minutes. 


RELATION OF CERTAIN METALS TO FLAVOR IN MILK 


Milk is usually exposed to metal surfaces from the time of its 
removal from the udder of the cow until it is placed in the glass 
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or paper bottle in which it is marketed. Some studies have 
been made of the effect of dissolved metals upon the flavor of 
milk. In 1905 Golding and Feilman (1) found that milk passed 
over a partially detinned copper cooler acquired a metallic flavor 
in about eighteen hours. Later, various other investigators (2, 
3, 4, 5) showed that the presence of certain metals in milk resulted 
in the development of a flavor defect described as tallowiness. 
In general, the metals that showed a corrosive action were the 
ones that were found to impart undesirable flavors to the milk 
products. 

In order to study the relation of metals to flavor in milk, 
various metals were added in small quantities to milk before 
pasteurization. Milk was also pasteurized in the presence of 
small strips of different kinds of metals. Various flavor defects 
resulted, such as puckeryness, metallic flavors, and tallowiness, 
described by some writers as a pasteboard flavor. Iron, copper, 
German silver, and Benedict nickel were particularly harmful in 
this respect. Aluminum, tin, nickel and Allegheny metal had 
the least effect upon the milk flavor. 

Lactic acid, caustic and sodium hypochlorite filtrates of tin, 
iron, lead, aluminum, copper, iron oxide, copper oxide, and 
aluminum oxide when added to milk affected its flavor. Of the 
metals studied, copper and iron were the most detrimental to 
milk flavor. Pasteurization of milk containing these filtrates was 
noi found to be a factor in flavor development, nor was the full- 
ness of the bottle of much significance. 


RELATION OF DAIRY EQUIPMENT TO TALLOWY FLAVOR IN MILK 


As has been shown, tallowiness is very likely to result from the 
presence of certain metals in milk. Tallowiness in dairy products 
is so called because of its resemblance to the flavor and odor of 
spoiled tallow. Holm and Greenbank (6) attribute the defect to 
an autoxidation of the butterfat, the reaction being hastened by 
such factors as heat, light, moisture, acidity, and enzyme action. 
These investigators also state that as a result of the oxidation the 
oleic acid radical is split, resulting in the formation of aldehydes 
and acids which possess the tallowy odor. Hunziker and Hos- 
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man (7), however, concluded ‘‘that tallowiness is not the direct 
result of oxidized oleic acid, but rather is caused by products 
formed in the butter during the absorption of oxygen by the oleic 
acid, such as glycollic acid ester of oleic acid.” 

It seems from these studies that in the processing of market 
milk the one factor most likely to produce a tallowy flavor is the 
presence of certain metals, which may be added to the milk 
through its contact with utensils and equipment. Tin has been 
used commonly as a lining for milk cans, vats, coolers, and other 
equipment and is itself nearly harmless to the flavor of milk. 
Unfortunately the tinned surface does not always remain, and 
as it is gradually removed through wear, copper or iron surfaces 
are usually left exposed. As has been shown these two metals 
are very detrimental to milk flavor. 

It is to be expected that any plant process which produces a 
corrosion of the metal linings of the different dairy utensils and 
equipment will indirectly contribute to a flavor defect of market 
milk. The results of Hunziker (8), et al., and Prucha, Tracy, 
and Tuckey (9) show that sodium hypochlorite solutions con- 
taining as little as 35 p.p.m. of chlorin and 0.5 per cent solutions 
of sodium hydroxide or trisodium phosphate will corrode all the 
metals ordinarily used in dairy equipment, with the exception of 
the polished chromium metals. It seems likely, therefore, that 
much of the raw milk entering the plant contains a certain amount 
of dissolved metal and that more is added in the handling of the 
milk in the plant. There would be an accumulative effect of 
the metal so that the development of a flavor defect, such as 
tallowiness, might be due to more than one source of metal 
contamination. 


RELATION OF FAT CONTENT OF MILK TO TALLOWY FLAVOR 


In order to study the relation of the relative percentage of fat 
in milk to the effect of added metal upon the flavor, samples of 
milk were prepared containing 4.9, 4, 3, 2, 1, and 0 per cent of 
butterfat. To each lot of milk a small quantity of a lactic acid 
solution of copper oxide was added. The samples were held at 
40°F. for seventy-two hours before being judged. In the absence 
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of fat the copper salt caused a metallic flavor, but with the fat 
present a tallowy flavor resulted. As the fat content of the milk 
was increased the tallowy flavor became more apparent. 


CONTAMINATION OF MILK AT THE FARM WITH METALS 


It is possible that by the time the raw milk arrives at the plant 
it will contain variable amounts of iron or copper salts. Small 
amounts of these metal salts probably could not be measured 
accurately, but by the addition of a definite quantity of a copper 
salt to equal portions of different deliveries, differences in the 
flavor developing might be explained through differences in the 
total amount of iron or copper salts present. Accordingly, 
several samples of raw milk were treated in this way. Each of the 
raw milks was tested for chlorin, using the method devised by 
Rupp (10), and the bacterial count of each was determined. 
After pasteurization in glass bottles the milk was divided into 
two parts. To one part a small quantity of a copper salt was 
added. The samples were all stored at 40°F. for forty-eight hours 
before being judged. The results showed a marked difference in 
the way in which milks produced by different farmers (proper 
allowance being made for variations in butterfat) were affected 
by the addition of a small amount of copper salt. 

In several instances the control samples—those to which no 
copper had been added—had a noticeable tallowy flavor after 
being held for forty-eight hours at 40°F. The majority of the 
producers supplying the milk used in this experiment were using 
a sodium hypochlorite sterilizer at the time of the experiment 
(July). The tests for chlorin suggest that chemical sterilizers 
had been used for sterilizing some of the equipment at the farm. 
It seems reasonable to conclude that in some cases at least an 
appreciable amount of copper or iron salts gets into the raw 
milk through the farm utensils. 


‘CONTAMINATION OF MILK AT THE PLANT WITH METALS 
a. Relation of tinned-copper internal tubular cooler to tallowiness 


The passage of milk through the plant is accomplished by means 
of glass and metal equipment. From the data and discussion 
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already presented in regard to the effect of certain metals upon 
milk flavor, one would expect market milk quality to be impaired 
as a result of contamination by vats and other equipment made 
of metals which are unsuitable either because of their composition 
or because of the treatment they have received. Milk certainly 
should not be permitted to come into contact with either iron 
or copper. Plants using either strong alkali solutions or sodium 
hypochlorite mixtures on tinned equipment will eventually have 
trouble from tallowiness caused by the metals left exposed by the 
corrosion of the tin. 

Such a situation was encountered at the University Creamery. 
An unclean, tallowy flavor was noticed in the pasteurized milk, 
especially during the winter months. At the bottle filler the 
milk flavor seemed satisfactory, yet numerous complaints were 
received from customers that the milk had a very undesirable 
flavor. On investigation, it was noticed that the customers 
making the complaints were being served from the milk cases 
that were the last to be removed from the refrigerated room. 
This milk was the first milk cooled each day. In order to deter- 
mine whether there was a difference in the quality of the milk 
bottled first and that bottled last the following experiment was 
performed: 

Three quarts each of the first bottled and last bottled milk 
from the first batch was saved on Tuesday, Thursday, and 
Saturday of each week for a period of six weeks. The samples 
were stored at 40°F. and were judged after two, four, and six 
days. The results are given in table 3. 

The milk (usually about two hundred gallons) was pasteurized 
in a glass lined vat and forced by air through two sections of 1.5 
inch internal tubular coolers 12 feet long with 12 tubes in each 
section. The construction of the tubes was tin on copper. Vari- 
ous types of chemical sterilizers had been used in disinfecting the 
coolers, and some copper was exposed. The coolers were washed 
and rinsed usually in the afternoon and were disinfected the 
following morning just before using, with a chlorin solution con- 
taining 50 to 75 p.p m. of chlorin. 

In an experiment made as a preliminary to the one summarized 
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in table 3, an attempt was made to avoid the development of the 
tallowy flavor by pumping a thousand pounds of rinse water 
through the coolers after disinfecting with the chemical sterilizer. 
This was apparently of no advantage. The use of the chemical 
sterilizer was then discontinued altogether, but the tallowy flavor 
still persisted. 

The tallowy flavor described in these experiments seemed to 
be due primarily to the presence in the milk of dissolved metals, 
possibly copper oxide. Probably the first milk to pass through 
the coolers received most of the metal oxide, whereas the last to 
pass through was only slightly contaminated. 


b. Benedict nickel internal tubular coolers as a source of off-flavors 
in market milk 


The unsatisfactory results obtained with the tinned copper 
internal tubular coolers led to their replacement with tubes made 
from Benedict nickel, an alloy of nickel, copper, and zinc. Soon 
after the installation of this equipment a peculiar, unclean, tal- 
lowy flavor was noted in some of the milk twenty-four to forty- 
eight hours old. In order to locate the source of this flavor defect, 


the following experiments were made: 

The mixed herd milk of the regular run (about 250 gallons) 
was used in this experiment. The milk was pumped through an 
internal tubular preheater, the inner tubes of which are made of 
Benedict nickel, into a vat lined with Alleghany metal. After 
pasteurization some of the milk was cooled in a well-tinned 
bucket submerged in cold water. Some of this milk was then 
transferred to a glass bottle. About two quarts of the hot milk 
were then pumped through the pump (a brass piston pump) 
regularly used to force the milk from the vat through the coolers. 
After cooling in a tin bucket, a quart of this milk was placed in a 
glass bottle. The remaining milk was then pumped through 
the cooler into the bottle filler, a sample of the first milk dis- 
charged at the end of the cooler being saved. The first and last 
bottles of milk bottled were also saved. The results are given 
in table 4. 

It was evident that although the pump was a possible source 
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of tallowy flavor,’ the internal tubular coolers were a more impor- 
tant factor in contributing to the tallowy flavor in the milk. 
The flavor defect due to the use of internal tubular coolers was 
similar to that caused by the partially detinned copper tubes 
previously referred to, but the milk usually had an additional 


TABLE 4 


Comparison of samples taken at different points in the cooling process—flavor 
criticism 


A 


After 7 hours After 24 hours After 48 hours 


Directly from vat Slight puckery | Slight puckery | Slight puckery 
First through pump Slight metallic | Slight tallowy Slight tallowy 
First through cooler | Watery, unclean | Tallowy, wa- Very, very tal- 


sterilizer tery, unclean lowy 
flavor 
First bottle at filler Fairly good Tallowy Tallowy 
Last bottle at filler Fairly good Slight tallowy Slight tallowy 


After 7 hours After 120 hours 


Directly from vat Good Good Old flavor 
First through cooler* | Watery, unclean, | Watery, unclean,| Watery, puckery, 


sterilizer sterilizer fla- very tallowy 
flavor vor, puckery 

First through pump Slight metallic, | Metallic, puck- | Metallic, tallowy 
puckery ery 

First bottle at filler Fair to good Slight tallowy Tallowy 

Last bottle at filler Good Slight tallowy Tallowy 


* A Mojonnier test on the milk from the vat showed a fat content of 4.06 per 
cent, that from the pump tested 3.85 per cent, while the first from the cooler tested 
3.63 per cent. This dilution was in spite of efforts made to drain the system of 
rinse water. 


flavor described as unclean. Examination of a large number of 
samples of the first and last milk bottled clearly showed that the 
first milk through the coolers was of poorer quality than the last 


1 It is interesting to note that a small lot of milk (about 1 gallon) pasteurized 
in the presence of the removable parts of the Simplex brass pump developed a 


very strong tallowy flavor in twenty-four hours, whereas the control sample was 
of good quality. 


SAMPLE 
—_— 
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milk cooled. There was a variation in the seriousness of the 
defect from day to day, yet the flavor would invariably develop 
in time. Peculiarly the trouble was much more noticeable in 
winter than in summer. The off-flavor would not develop until 
after the milk had been stored at 40°F. for twenty-four to forty- 
eight hours. Contrary to expectation the flavor developed faster 
in milk stored at 40°F. than that stored at 68°F. The flavor 
developed regardless of whether steam or chemical sterilizers were 
used on the equipment. 

In order to obtain further evidence that the internal tubular 
coolers were the source of the off-flavor, the following experiment 
was performed over a period of several days: 

The raw milk to be used for bottling was pumped directly from 
a well-tinned dump vat into the Allegheny steel vat. After 
pasteurizing at 142°F. for thirty minutes the milk was cooled in 
the following ways: 


Dipped from vat and poured over surface cooler no. 

Dipped from vat and poured over surface cooler no. 

Dipped from vat and poured over surface cooler no. 

Dipped from vat and poured over surface cooler no. 

Pumped from vat over surface cooler no. 1 

Pumped from vat over surface cooler no. 2 

Pumped from vat over surface cooler no. 3 

Pumped from vat over surface cooler no. 4 

Pumped through water section of internal tubular coolers and then 
poured over surface cooler no. 2 

10 Pumped through both sections of internal tubular coolers 

11 Dipped into glass bottle and cooled in bottle 

12  Control—pasteurized and cooled in bottle 


In the case of cooling methods nos. 1 to 9, 10 gallons of the milk 
were used. In the case of method no. 10, almost 100 gallons of 
milk were used. In the case of methods 11 and 12, 1 quart of 
milk was used. In all cases the first bottles cooled were saved for 
judging. The samples were judged after twenty-four and forty- 
eight hours, and the study was continued for one week. The 
results of one day’s run are recorded in table 5. 

It was evident from the data that the flavor of the milk may 
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be affected by surface as well as by internal tubular coolers. The 
latter, however, seemed to be a more serious cause of an unclean 
and very often tallowy flavor. To be sure, the milk cooled in 
glass was not always perfect in flavor, indicating metal contamina- 
tion of the milk prior to its being placed in the vat, a condition 
made more serious, however, by the subsequent contamination 
from the milk pump and coolers. 


TABLE 5 
Relation of method of cooling to tallowy flavor—flavor criticism 
COOLING 
METHOD AFTER 24 HOURS AFTER 48 HOURS 
NUMBER 
1 Metallic, unclean Tallowy 
2 Puckery but clean Puckery 
3 Metallic, unclean Metallic, unclean 
4 Slight metallic Slight metallic 
5 Tallowy Tallowy 
6 Slight tallowy Slight tallowy 
7 Unclean, metallic, puckery Unclean, metallic, puckery 
8 Metallic, puckery Metallic, puckery 
9 Unclean, puckery Unclean, tallowy, puckery 
10 Very unclean, puckery Tallowy, puckery, unclean 
ll Slight puckery Puckery, slight unclean 
12 Slight puckery but best of all Slight unclean 
samples 


EFFECT OF SUNLIGHT UPON MILK FLAVOR 


That light hastens the development of a tallowy flavor in 
butter fat has been known for some time (11). Hammer and 
Cordes (12), however, were the first to report a tallowy flavor 
in market milk due to sunlight. Skim milk when exposed to 
sunlight, according to these investigators, developed an abnormal 
flavor that was not tallowiness. By the use of brown milk bottles 
they were able to prevent the occurrence of either of these two 
defects. 

Frazier (13) explains the action of light as a catalyst in the 
oxidation of milk fat. He also suggests that a metal catalyst 
would assist the light in hastening the oxidation of the butterfat. 

Schulz (14) states that the deterioration of the taste produced 
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by ultra violet irradiation of milk is caused by the action of 
hydrogen peroxide on the proteins. Tiede and Reyher (15) con- 
cluded that the action was due to the activity of ozone. 

In order to further study the significance of diffuse light and 
sunlight in their relation to milk flavors, a series of experiments 
were performed exposing milk varying in composition and amount 
of metal contamination to light rays under variable conditions. 

It was found that two flavor defects resulted from the exposure 
of milk to sunlight, one a tallowiness and the other a burnt flavor. 
When the milk was exposed to the diffuse light only a tallowy 
flavor developed. The formation of this flavor was hastened by 
the presence of metals. The burnt flavor tended to mask the 
tallowiness when present and seemed to be due to an action upon 
the milk serum rather than the fat, as the defect was more notice- 
able in skim milk than in whole milk. There was no direct 
relation between the burnt flavor formation and the presence of 
copper salts. 


RELATION OF THE USE OF CHEMICAL STERILIZERS TO FLAVOR IN 
MARKET MILK 


Dairy utensils and equipment are treated in various ways in 
order to destroy the bacteria present. For many years hot water 
and steam alone were used for this purpose. Recently, however, 
chemical sterilizers have been extensively employed in the dis- 
infection of both farm and plant equipment. There are various 
types of chemical sterilizers, but the ones ordinarily used for 
dairy utensils are those containing chlorin, such as the hypochlo- 
rites of calcium and sodium and organic compounds such as 
sodium-sulphorichloramid, more commonly called chloramine-T. 

Prucha (16) has made extensive studies of the application of 
chemical disinfection to the dairy industry and concludes that 
chlorin compounds are suitable sterilizers for utensils. He warns 
against treating the milk with chemical sterilizers in order to 
destroy bacteria. 

The amount of information in the literature relative to the 
effect upon milk flavor of the use of chemical sterilizers in dis- 
infecting dairy utensils is limited. A series of experiments were 
performed, therefore, to study this factor. 
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It was found that chemical sterilizers added either directly to 
the milk or through treatment of the bottle affected the flavor 
of milk. A puckery, burning sensation usually resulted. When 
stronger concentrations of the sterilizing solutions were used, a 
sickening, unclean flavor resulted. Whether the sodium hypo- 
chlorite was alkaline or slightly acid did not seem to be of any 
importance from the standpoint of the effect upon flavor. 

It was also found that the addition of sodium hypochlorite to 
milk caused a more pronounced tallowiness to develop in the 
samples containing a sufficient amount of metal to produce tal- 
lowiness, indicating an additional effect of the disinfectant. It 
was also noted that in most cases in which a tallowy flavor devel- 
oped in milk exposed to metal strips, the defect was more pro- 
nounced in the milk brought into contact with the strips pre- 
viously treated with a sodium hypochlorite solution. 

An occasional occurrence of a medicinal flavor has been noted 
in the raw milk received at the University Creamery. A few 
complaints were received that the pasteurized milk ‘‘tastes as 
if it had medicine in it.’’ No information could be found in the 
literature as to the cause of this defect. 

Numerous attempts to reproduce the medicinal flavor by the 
direct addition of the sterilizer failed to result in anything more 
than the defects noted above. A series of experiments was next 
performed in which the milk was exposed to glass and metal 
surfaces treated with chemical disinfectants. 

It was found that the defect was due to bringing milk into 
contact with tinned utensils and equipment treated with a chem- 
ical sterilizer a short time before using. If the tinned surface 
was allowed to dry before adding the milk or if the equipment 
was used immediately after treating with the chlorin compound, 
the defect usually did not occur. 

According to Buswell (17) in the chlorination of city water 
supplies the presence of phenol is intensified by the addition of 
chlorin. The phenol flavor is not the same as the medicinal 
flavor discussed previously. Recently, Mattick (18) studied the 
cause of phenol flavor in sterilized milk and concluded it was due 
to bacterial action. According to Bell (19), p-cresol may be 
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derived from the bacterial degradation of tyrosine, which can 
yield either p-cresol or phenol. 

It was found that the addition of sodium hypochlorite to milk 
containing a small quantity of phenol greatly intensified the 
flavor. Since small quantities of phenols may be absorbed by 
the milk either from the air or by direct contact with contami- 
nated utensils, and since phenol may result from bacterial action, 
the addition of small quantities of a chlorin sterilizer may result 
in a noticeable phenol flavor in the market milk, which otherwise 
might have escaped detection. 


SUMMARY 


The relation between a number of plant processes and the 
quality of market milk as indicated by its flavor has been studied. 
In the absence of more suitable methods the flavor of the milk 
was determined organoleptically. 

One of the most important of the plant processes bearing upon 
the quality of market milk is the use of an effective grading system. 
Such a system should provide for bacterial, flavor, and tempera- 
ture control in the raw milk up until the time of delivery. 

Pasteurization improves the flavor of most raw milk. Con- 
tinued heating at 142°F. for over one hour, however, may result 
in a noticeable cooked flavor. 

Milk should not be brought into contact with either iron or 
copper surfaces. Benedict nickel also may have a detrimental 
effect upon milk flavor. The development of a tallowy flavor in 
milk is closely associated with metal contamination. Glass and 
Allegheny metal have practically no ill effects on milk flavor. 

Two kinds of flavor defects may occur in milk exposed to sun- 
light, one a tallowiness, and the other a burnt flavor. Diffuse 
light is an important factor in the development of tallowy flavor 
in milk, especially that containing an added copper salt. 

The use of chlorin sterilizers on farm and plant equipment 
should be confined to those of a non-corrosive nature. In no case 
should the disinfectant be added directly to the milk, and all 
utensils and equipment treated with chlorin sterilizers should be 
rinsed with uncontaminated water before adding the milk. 
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Otherwise, puckery, unclean, or medicinal flavors may develop. 
The odor and flavor of phenol, when present in milk is greatly 
intensified by the presence of chlorin in the form of sodium 
hypochlorite. 
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CALCIUM AND PHOSPHORUS METABOLISM IN 
DAIRY COWS 


IV. THE ASSIMILATION OF CALCIUM FED AS CALCIUM 
GLUCONATE* 
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INTRODUCTION 


Recent interest in gluconic acid has brought about improved 
methods of production (1) and developed uses for its calcium salt, 
in which form it is chiefly obtained. The calcium salt, because of 
its solubility, lack of taste, and other valuable qualities, has been 
found advantageous for use in calcium therapy (2). For this 
reason it seemed of interest to determine whether a compound of 
this particular type (containing five hydroxyl-groups) could be 
readily assimilated from the alimentary tract and so prove a 
valuable source of supplementary calcium in the ration of lactat- 
ing cows. Accordingly a balance experiment was undertaken to 
investigate this point. 

EXPERIMENTAL 

Two pure-bred, three-year old, Holstein cows, in their first 
lactation were placed in the metabolism stalls on November 
30, 1929. Cow 212 had calved August 7, 1929, and was giving 
21 kgm. of milk per day. Cow 213 had calved August 13, 1929, 
and was giving 19 kgm. of milk per day. 

The cows were given a basal ration consisting of United 
States Grade No. 1 alfalfa hay and a grain mixture made up as 
follows: wheat bran, 30; corn meal, 40; soy bean meal, 20; linseed 
meal, 10; and sodium chloride, 1. This was fed in such amounts 
as the cows would clean up and in sufficient quantity to more than 
satisfy their nutritive requirements, according to the standards of 


Savage (3). 


* Received for publication October 29, 1930. 
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The experiment was divided into four three-week periods. 
The basal ration supplemented with calcium gluconate (5 per cent 
of the grain) was given during the first three weeks of the experi- 


ment. (Feeding began three days previous to the collection of 
excreta.) The basal ration alone was given during the second 
three weeks. During the third three weeks calcium gluconate was 


TABLE 1 
Percentage composition of feeds . 
PERIOD FEED HO Ca P N q 
December 6 to January 10..... Alfalfa hay I 12.10 | 1.300 | 0.241 | 2.58 
January 11 to February 11....| Alfalfa hay II 11.91 | 1.345 | 0.246 | 2.61 
February 12 to March 2....... Alfalfa hay III | 11.39 | 1.339 | 0.255 | 2.58 
December 6 to 16............. Grain 60 G I 11.40 | 0.580 | 0.737 | 3.14 i 
December 17 to 27............ Grain 60 G II | 11.60 | 0.570 | 0.747 | 3.11 3 
December 28 to January 8..... Grain 60 I 11.20 | 0.149 | 0.753 | 3.22 4 
Grain 60 II 11.10 | 0.157 | 0.751 | 3.30 
January 18 to 30.............. Grain 60 G III | 11.15 | 0.586 | 0.697 | 3.07 A 
January 31 to February 7..... Grain 60 G IV | 12.53 | 0.458 | 0.717 | 3.18 ee 
February 8 to 19.............. Grain 60 L I 12.23 | 0.561 | 0.745 | 3.20 ag 
February 20 to March 2....... Grain 60 L II 12.34 | 0.555 | 0.717 | 3.12 : 
TABLE 2 i 
Percentage composition of milk 7 
cow 212 cow 213 4 
WEEE 
Ca P N Ca P N _ 
December 9 to 15................ 0.108 | 0.101 | 0.528 | 0.120 | 0.094 | 0.502 3 
December 16 to 22............... 0.113 | 0.097 | 0.534 | 0.122 | 0.091 | 0.498 a 
December 23 to 29...........0.0. 0.111 | 0.104 | 0.544 | 0.120 | 0.091 | 0.506 -@ 
December 30 to January 5....... 0.105 | 0.106 | 0.550 | 0.114 | 0.089 | 0.484 ; 
January 6 to 12.................. 0.114 | 0.102 | 0.547 | 0.117 | 0.096 | 0.500 a 
GIN, occccccscccses 0.108 | 0.104 | 0.531 | 0.110 | 0.095 | 0.490 | 
0.114 | 0.105 | 0.522 | 0.119 | 0.092 | 0.505 
January 27 to February 2........ 0.107 | 0.106 | 0.528 | 0.118 | 0.096 | 0.492 — 
February 3 to 9................. 0.109 | 0.104 | 0.546 | 0.116 | 0.091 | 0.485 = 
Pebouary 10 to 16............... 0.114 | 0.104 | 0.539 | 0.121 | 0.089 | 0.506 e a 
SB... 0.114 | 0.101 } 0.539 | 0.121 | 0.095 | 0.502 
February 24 to March 2......... 0.114*| 0.104*| 0.540*| 0.115 | 0.094 | 0.498 _ 
* Sample lost, arbitrary figures used. a 
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again added to the ration, and during the fourth and last three 
weeks limestone, supplying an equivalent quantity of calcium, 
was substituted for the calcium gluconate in the grain mixture. 

The supplemented ration was fed first, preceding the feeding of 
the basal ration unsupplemented, thus reversing the usual pro- 


TABLE 4 
Weekly phosphorus balances 
cow 212 cow 213 
WEEK Pin Pin 
urine | Pin Pin P urine | Pin Pin P 
and milk | feed {balance} and milk | feed | balance 
feces feces 


Calcium gluconate supplement 


grams | grams | grams | grams | grams | grams | grams | grams 


December 9 to 15......... 408 .2)151.3 | 616.1/+56.6) 391.0) 125.7) 569.0)+52.3 
December 16 to 22........ 467 .9)141.7 | 619.7|+10.1) 420.1) 122.9) 572.4/+29.4 
December 23 to 29........ 476 .6)148.5 | 622.4) —2.7| 446.8) 122.1) 565.4) —3.5 


No supplement 


December 30 to January 5.| 469.6/150.2 | 626.2) +6.4/ 423.9) 111.2) 489.7|—45.4 
January 6 to 12........... 457.7|142.1 | 575.5|—24.3) 425.4) 131.0) 531.0)—25.4 
January 13 to 19.........| 425.6/150.7 | 588.1/+-11.8} 438.1) 130.0) 541.1/—27.0 


January 20 to 26.......... 365 .4/156.6 | 533.5)+11.5) 384.1) 122.1) 510.8/+ 4.6 
January 27 to February 2.) 383.3/158.9 | 530.4/—11.8) 435.4) 130.2) 512.4/—53.2 
February 3 to9.......... 437 .8|149.4 | 586.6) —0.6) 406.5] 120.5) 522.0) —5.0 


Limestone supplement 


February 10 to 16........ 471.8|156.4 | 606.3)—21.9) 429.0) 113.4) 539.9) —2.5 
February 17 to 23........ 441.7/149.9 | 604.3)+12.7| 389.1) 120.7) 530.9|+21.1 
February 24 to March 2...| 450.2/152.9*| 592.2}—10.9} 409.5) 124.0) 526.4) —7.1 


* Sample lost, arbitrary figure used. 


cedure. In this way any favorable effect of the supplement 
upon calcium assimilation was enabled to operate while the milk 
yield was at its maximum and the drain upon calcium resources 
greatest. According to the usual practice where the supplement 
follows a period on a basal ration, if the balances improve, as the 


4 
Calcium gluconate supplement 
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experiment proceeds and the milk yield declines, it is uncertain 
whether the improved balances are attributable to the effect of the 
declining milk yields or to the supplement administered. 

The alfalfa hay was chopped and stored in sacks. Three 


TABLE 5 
Weekly nitrogen balances 


cow 212 cow 213 


WEEK Nin Nin 
urine | Nin | Nin N urine | Nin Nin N 

and milk feed | balance| and milk feed | balance 
feces feces 


Calcium gluconate supplement 


grams | grams | grams | grams | grams | grams | grams | grams 


December 9 to 15....... 2570.4/790.9 6712/3231 .9|+-200.9 
December 16 to 22......|2711.3/780.2 |3592.8}+-101 .3/2405.5) 6723/3221 .6/+-143.8 
December 23 to 29...... 2687 .4/776.8 |3584.7|+-120.5/2234.1| 679.1/3110.6/+197.4 


No supplement 


December 30 to Janu- 


2749.2\779.4 |3654.0|+125.4/1884.5) 604.5/2745.1/+256.1 
January 6 to 12......... 2593 .6/762.0 |3386.8) +31.2|/2262.5] 682.5/2993.1) +48.1 
January 13 to 19.... .. .|2561.6/769.4 3509 ..6|-+178 . 6|2305 .9 6703/3126. 9|+150.7 

Calcium gluconate supplement 

January 20 to 26... ....|2382.6/778.3 |3243.0) +82.1/2311.7| 670.1/2998.1) +16.3 
January 27 to Febru- 

2458 .7/791.5 |3200.3| —49.9/2355.5| 667.2/3006.9) —15.8 
February 3 to |3558.7|+241 .3/2070.1) 642.1/3059.7|+347.5 


Limestone supplement 


February 10 to 16...... 2719.2|810.7 |3561.3) +31.4/2228.8) 644.6/3063.6)+190.2 
February 17 to 23. . .. . .|2584.4/799.9 |3538 .0|+153.7/2084.0} 638 .0|3043 .4/+321.4 
February 24 to March 2. .|2593. 1/793 .8*/3503 .6| .7/2164.4| 656 .9|3011.4/+190.1 


* Sample lost, arbitrary figure used. 


batches of hay and 9 batches of grain were used during the experi- 
ment. The cows were fed hay and grain twice each day and 
milked three times a day. They were not pregnant and were not 
bred during the experiment. They were weighed on the first 
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three days of each month and the weights averaged. The average 
weights (kilograms) for the months, December, 1929, January, 
February and March, 1930 were, respectively for cow 212— 
487, 502, 510, 527; for cow 213—490, 486, 504, 517; showing a 
steady gain in weight throughout the experiment. 

The Ca/P ratio in the feed ranged mostly between 1.75 and 
2.00 in the supplemented periods and between 1.25 and 1.50 in 
the unsupplemented period. 

Table 1 shows the percentage composition of the feeds used 
and table 2 the percentage content of calcium, phosphorus and 
nitrogen in the milks. Tables 3, 4 and 5 give the calcium, phos- 
phorus, and nitrogen balance data. 


DISCUSSION 


The cows sustained their milk yields remarkably well, one cow 
giving more during the last three weeks of the experiment than 
during the first three. Whether this is to be attributed to an 
inherent characteristic of the animals, to the effect of the calcium 
supplements which they received, or to some other factor is not 
known. Sanders claims that a cow’s milk yield is best sustained 
during the first lactation (4). 

The blood-plasma calcium for the two cows 212 and 213 rose 
from 9.3 and 9.1 mgm. respectively before the experiment to 10.1 
and 9.6 mgm. two weeks after the experiment began. The cal- 
cium level at the end of the experiment was 9.9 and 10.2 mgm. 
respectively. This may have some significance. 

A casual inspection of the calcium balances shows that both 
cows retained calcium during the first week. This may be ex- 
plained by the suddenly increased calcium intake with the intro- 
duction of calcium gluconate and the lag in excretion of the former 
low-calcium ration. Another factor is the somewhat depleted 
state of the cows which had been milking for nearly four months 
when the experiment started. This is particularly true of cow 
213 which had received less than her nutritive requirements for 
three of the four months and which displayed a greater average 
calcium assimilation throughout the experiment. 

The fourth and the seventh weeks, when changes in calcium 
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intake were made, might be expected to show the effect of lag in 
excretion, but the effect does not seem to be apparent here. 
Probably the somewhat depleted condition of the cows is a more 
important factor in explaining the positive calcium balances in 
the first week than the effect of lag in excretion. 

The calcium balances are only slightly less negative when cal- 
cium gluconate was given than when no supplement was given 
indicating little value for a calcium supplement and the results 
in the comparison of calcium gluconate and limestone as supple- 
ments are contradictory, indicating no advantage of either one 
over the other. 

The milk contained more calcium during the periods when a 
supplement was given. 

The strongly positive phosphorus balances in the first week 
indicate that the retention of calcium during this week has per- 
mitted the simultaneous retention of phosphorus to restore de- 
pleted bone tissue. 

The phosphorus balances, like the calcium, are less negative 
when calcium gluconate was given than when no supplement was 
given. The phosphorus balances show the same contradictory 
results in the comparison of calcium gluconate and limestone 
supplements, indicating no superiority of one over the other. 

The nitrogen balances indicate a greater retention of nitrogen 
by cow 213, which may be explained by the fact that she was 
slightly underfed previous to the experiment. 

The response which a cow exhibits to any given change in ration 
is doubtless dependent largely on her state of nutrition. Thus 
in the present experiment cow 213 shows smaller losses of calcium 
and greater gains in nitrogen than cow 212. She even shows a 
retention of calcium while receiving the limestone supplement. 
Cow 213 was somewhat undernourished when the experiment 
began. This serves to emphasize the necessity for care in the 
standardization of animals for nutrition experiments. 
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CONCLUSION 


A supplement of calcium gluconate was of little value in im- 
proving the calcium and phosphorus balances of cows giving 19 
to 21 kgm. of milk daily. 

A supplement of limestone gave inconclusive results. 


We are indebted to Drs. H. T. Herrick and O. E. May of the 
Bureau of Chemistry and Soils for the calcium gluconate used in 
this experiment. 
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THE GERMICIDAL ACTION OF RAW MILK UPON AN 
ORGANISM OF THE SWEET CURDLING TYPE* 


HAROLD R. CURRAN 


Research Laboratories, Bureau of Dairy Industry, Department of Agriculture, 
Washington, D. C. 


The fact that fresh, raw milk exerts a bactericidal or antiseptic 
action upon many bacteria is well established. Investigators who 
have studied this phenomenon in its relation to the keeping qual- 
ity of milk generally agree that the germicidal property is of 
academic interest only and without significant influence upon the 
general nature of the changes taking place in the milk. It is 
generally supposed that the destructive or inhibiting action is 
entirely too feeble and transitory to be of any practical im- 
portance. 

In the course of a study upon the growth of bacteria in milk an 
active sweet curdler was encountered which proved to be unusu- 
ally sensitive to the bactericidal action of raw milk. The restrain- 
ing action of several samples of mixed milk was sufficiently strong 
and prolonged to suggest that this factor may, under certain 
conditions, play an important réle in influencing the quality of 
the milk. The sweet curdling culture was isolated from milk 
about three months previous to this study; it was a rapidly grow- 
ing Gram-positive sporulating rod, with optimum temperature 
about 37°C. 

In a preliminary experiment with the sweet curdler the 
raw Holstein milk was found to be more susceptible to coagu- 
lation than the raw Jersey milk. The samples were taken from 
two cans of the mixed milk of each breed chosen at random from a 
supply of about 15 cans. The following day the experiment was 
repeated and the result was similar, the variation being only in 
the degree of difference in the coagulation time. These observa- 
tions suggested the presence of a germicidal substance in the 
Jersey milk. 

* Received for publication November 3, 1930. 
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The thermolabile nature of the germicidal substance in milk 
indicated a means of ascertaining the cause of the delayed coagula- 
tion in these experiments. One portion of the divided samples 
from each breed was heated in the Arnold sterilizer for fifteen 
minutes. This temperature is in excess of that required to com- 
pletely inactivate the germicidal substance. The heated and un- 
heated portions were then adjusted to a temperature of 37°C. 
after which each was inoculated with equal quantities of a broth 
culture of the sweet curdler. When this procedure was followed, 
the raw milks curdled in the same order and at about the same 
intervals as before, but the heated Jersey sample curdled shortly 
before the heated Holstein sample. This result was considered 
to be conclusive evidence of the presence of a germicidal substance 
in the Jersey milk. 

In order to learn something of the extent to which the raw 
Jersey milk affected the growth of the sweet curdler the following 
experiment was carried out. Fifty cubic centimeter samples of 
the thoroughly mixed milk of each breed was divided into two 
equal portions and put into separate sterile flasks. One portion 
received the heat treatment already described, the other was held 
untreated. The heated and raw samples were then immersed in 
a warm water bath and held until the temperature of the milk 
reached 37°C. All the samples were then inoculated with a small 
drop of an eight-hour broth culture of the sweet curdler. After 
these were thoroughly agitated the microscopic count was deter- 
mined, following which the flasks were placed in an incubator at 
37°C. Observations for coagulation were made at hourly inter- 
vals and counts repeated at the end of four and eight hours. The 
direct microscopic method of enumeration was employed in 
preference to the plate method for the reason that consistent 
plate counts could not be obtained with the test organism. This 
difficulty is not infrequently encountered in plating aerobic spore 
formers. The direct microscopic count also served to minimize 
the error introduced into the plate method by the tendency of 
Streptococcus lactis to grow in pairs and chains. In most of this 
work the milk was five to six hours old at the time the samples 
were taken. Occasionally the samples represented a mixture of 
the morning’s and previous night’s milking. 
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Table 1 shows the results obtained in one of these experiments. 
After inoculation each sample contained about the same number 
of the test organisms. At the end of five hours the Holstein raw 
milk contained twice as many of these organisms as the Jersey 
raw sample. At the 93-hour period the ratio was considerably 
reduced, indicating that the inhibiting agent was less effective. 
In this experiment, however, a slight difference was still manifest 
at the end of twenty-three hours. During the first nine hours the 
rate of growth in the inoculated raw and heated Holstein samples 
was quite similar, though the development was always somewhat 
greater in the latter. After twenty-four hours this difference was 


TABLE 1 
Growth of the sweet curdler in raw and heated Holstein and Jersey milk, and time of 
coagulation 
BACTERIA PER CUBIC CENTIMETER 
SAMPLE TION TIME 
0 hours 5 hours 9} hours 23 hours 
hours 
65,400 |11,550, 000/43 000,000} 86,800,000 6 
Holstein, heated........... 64,900 |12, 600, 000/47 , 600 000/131 , 600 , 000 5} 
64,100 | 5,250,000/40,810,000} 82,000,000 94 
65,200 |11,620,000/46, 970,000) 91,000,000 54 


* Plate count before inoculation 670. 
t Plate count before inoculation 1030. 


usually much greater, although this result was somewhat variable. 
Coagulation of the Jersey raw milk was delayed three and one- 
half hours in this experiment. The data would indicate that 
coagulation was not entirely dependent upon numbers, as the 
Holstein sample curdled with much fewer organisms than the 
corresponding Jersey sample. Differences in the salt content 
(buffer action) of the milk of the two breeds may have exerted 
some influence upon the coagulation time. 

In table 2 are recorded the results of another experiment in 
which only raw milk was used. Divided samples from two cans 
were inoculated with the sweet curdler alone, and with a similar 
quantity of both the sweet curdler and S. lactis. Counts were 
made only upon the sweet curdler. At the end of three hours, 
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both Holstein samples contained nearly four times as many or- 
ganisms as the corresponding Jersey samples. At four hours the 
ratio wasover 5:1. In eight hours the inhibiting effect was less pro- 
nounced. The marked restraining action evident here is reflected 


TABLE 2 


The sweet curdler grown independently and in combination with S. lactis in raw 
Holstein and Jersey milk, and time of coagulation 


NUMBER OF SWEET-CURDLING BACTERIA 
MILK INOCULUM PER CUBIC CENTIMETER 
TION TI 
0 hours 3 hours 4 hours 8 hours 

hours 

Holstein | Sweet curdler 28 , 0000/1 ,040,000} 3, 400, 000/30 , 000 , 000 44 

Holstein | Sweet curdler and | 28,200/1,120,000] 3,000,000/26 000,000 44 
S. lactis 

Jersey Sweet curdler 25,000} 296,000} 640,000)14,200,000) 10} 

Jersey Sweet curdler and | 26,100} 226,000} 620,000/15,200,000) 10} 
S. lactis 


Holstein count before inoculation 5000. 
Jersey count before inoculation 2100. 


TABLE 3 
The sweet curdler and S. lactis grown in combination in raw and heated Holstein 
and Jersey milk, and time of coagulation 


a 
BACTERIA PER CUBIC CENTIMETER z 
z 
0 hours 4 hours 8 hours 22 hours = 
5 
curd- lactis | curdler | !ectis curdier | °- lactis 8. lactis 
hours 
Holstein, raw*.|29, 000/448, 000/8, 300, 000/21, 790, 000) 19, 880, 000/27, 160, 94, 500, 939, 900,000) 4% 


heated........ , 300/378, 000/9, 200, 000/21, 000, 000/26, 600, 200, 000} 180, 000, 0001, 260, 000,000) 44 
Jersey, 968, 000/19, 148, 000) 8, 820, 000/31, 000, 000/121, 800,000} 327,600,000) 9% 
Jersey, heated . .|30, 000/500, 000/9, 960, 000/22, 260, 000/26, 600, 000/22, 820, 000/242, 200, 00/1, 026,900,000) 4 


* Plate count before inoculation 330. 
t Plate count before inoculation 1700. 


in the relative coagulation times, the difference being over six 
hours. Under these conditions the sweet curdler was not appre- 
ciably affected by association with S. lactis. 

In table 3 another series of results is presented. In this experi- 
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ment both the sweet curdler and S. lactis were inoculated into the 
raw and heated milks of both breeds. The pronounced restrain- 
ing action of the raw Jersey milk upon the sweet curdler was 
evident after four hours, the ratio of the numbers of the sweet 
curdler in the Holstein and Jersey milks at this time was more 
than 9:1. In eight hours, though the ratio was considerably less, 
the Holstein milk still contained twice the number of test organ- 
isms present in the Jersey milk. At twenty-two hours a difference 
was still evident. The growth of the S. lactis in the raw milks 
was quite similar. There appeared to be a slight restraining 
action upon these organisms during the first four hours, but at 
the end of eight hours in this experiment there were slightly more 
S. lactis in the Jersey raw than in the Holstein raw. In general 
agreement with the results in table 1, the sweet curdler developed 
somewhat more rapidly in the heated milks during the first eight 
hours, but at twenty-four hours the difference was much greater. 
In this experiment there was a difference of five hours in the curd- 
ling time with raw milks. There appears to be somewhat better 
correlation between the number of organisms and the coagulation 
time here, as coagulation apparently occurred in both samples 
when the numbers were in the vicinity of 10 million. The coagu- 
lation of the heated milks was in the usual order and at about the 
same intervals. 


DISCUSSION 


Experimental evidence suggesting that the germicidal phe- 
nomena may be of general commercial importance in milk produc- 
tion is quite in harmony with some of our modern practices. 
Throughout the New York Milk Shed and in many other parts 
of the United States, morning’s milk is never cooled before delivery 
to the milk plant. The night’s milk is often cooled by submerg- 
ing the warm milk in 10-gallon cans in ice water. Under these 
conditions the cooling takes place rather slowly. It has been 
shown by Marquardt and Dahlberg (1) that these practices are 
possible only because of the germicidal property of the milk. 

It should be observed that the germicidal property of the milk 
in these studies was determined at 37°C., the optimum tem- 
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perature for the test organism. Hunziker (2) and other investi- 
gators have shown that the germicidal phenomena is most evident 
at about 21°C., although the effect is of longer duration at still 
lower temperatures. In view of this fact it seems quite probable 
that a more pronounced effect would have been observed at lower 
incubation temperatures. The fact that the samples in this study 
were all taken from full 10-gallon cans of milk, representing the 
milk of from 3 to 6 cows, would suggest that the germicidal sub- 
stance was present in relatively high concentrations in most of 
the Jersey milk for, if only present in the milk of a few cows, the 
effect would have been greatly reduced or lost by the high dilu- 
tion. It is true that a restraining action, even of the intensity 
found in these milks, would under ordinary conditions have little 
influence in maintaining a low total bacterial count due to the 
fact that the usual predominating types of Micrococci, S. lactis, 
and others are only slightly affected. Nevertheless, when the 
milk supply is subject to heavy contamination with organisms of 
the sweet curdling type, and is subsequently held at relatively 
high temperatures for several hours, a strong germicidal action 
may have an important protective influence. This would be true 
especially during the hot summer months when temperature con- 
ditions for this type of organism are near the optimum and oppor- 
tunity for contamination of all kinds is very great. When milk 
produced under these conditions is condensed, evaporated, or 
otherwise utilized within four to eight hours a strong bactericidal 
action may be instrumental in the prevention of heavy spoil- 
age losses. 
SUMMARY 


Certain samples of mixed raw milk exerted a marked restrain- 
ing action upon an organism capable of rapidly producing a sweet 
curdling type of fermentation. This action was present in the 
milk over a period of several months. 

Coagulation produced by the sweet curdler was delayed from 
three and one-half to six hours in different samples of mixed 
raw milk. 

Coagulation usually occurred when the sweet curdler attained 
a population of from 10 to 40 million. 
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The marked germicidal activity in this study was confined to 
Jersey milk. 

Under the conditions of these experiments, S. lactis exerted 
but little influence upon the development of the sweet curdler 
and was only slightly restrained by the bactericidal activity of 
the milk. 

Both S. lactis and the sweet curdler multiplied more rapidly in 
the heated milk than in the non-germicidal raw milk. The differ- 
ence was relatively small during the first eight hours, but there- 
after was usually large. 

These observations indicate that under certain conditions a 
strong germicidal action may be of distinct value in protecting 
the milk supply. 
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Culture Controller 


affords a positive means of maintaining 
a uniform incubating temperature for 
all lactic starters. Built in two styles, 
for natural ice or mechanical refrigera- 
tion. Insures healthy, vigorous cultures 
—a guarantee of a constantly uniform 
product. 


Milk Tester 


for the accurate, scientific determina- 
tion of the composition of milk and its 
products. Made in several models to fill 
the need of laboratories from the largest 
to the smallest. Especially valuable in 
the teaching of dairy science. Write 
for full particulars. 


4601 W. Ohio St. 


MILK ENGINEERS 


Chicago, Ill. 


The Significance 
of Waterborne Typhoid 
Fever Outbreaks 
1920-1930 


By ABEL WOLMAN 
and A. E. GORMAN 


An important assembling and interpretation of 
data on recent outbreaks of typhoid and dysen- 
tery which calls attention to a serious condi- 
tion, obscured by the general feeling that 
typhoid is wholly under control. Detailed rec- 
ord of waterborne outbreaks in United States 
and Canada. Causes and preventive measures. 


$2.00 
THE WILLIAMS & WILKINS 


COMPANY - Baltimore, U.S. A. 
Publishers of Scientific Books and Periodicals 


Theses - Problems 


The college trained staff of this organi- 
zation gladly furnishes data and in- 
formation for theses and problems. 


Why not include this service in your 
plans for the present academic year? 


The American Guernsey 
Cattle Club 
5 Grove Street Peterboro, N. H. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Get the 
“NEW BERGEY” 


Third Edition 


Bergey’s 
Manual of 
Determinative 
Bacteriology 


With an Index 
by ROBERT S. BREED 


Entirely Revised, Amplified and 
Much Enlarged 


Chief changes in the new ‘“‘Key 
for the identification of the 
class Schizomycetes”’ are : 


Amplification of many de- 
scriptions of organisms; more 
than 200 additional organisms 
described; recognition of two 
additional tribes; separation of 
Genus Eberthella; four addi- 
tional genera recognized; re- 
construction of several keys. 


The Third Edition Contains 
About 100 More Pages 
Than the Second 


$6.00 


ORDER TODAY 


The Williams & Wilkins 


Company, Baltimore, U. S. A. 
Publishers of Scientific Books and Periodicals 


B-K 


A NON-POISONOUS DISINFECTANT 


KILLS B. COLI 


QUICKER THAN BEST-KNOWN 
POISONOUS DISINFECTANTS 


B MEETS with the exacting 
“ specifications of the largest 
and most successful dairy farms and 
milk plants .. . because it is a quick- 
acting germ killer . . . safe... non- 
poisonous ... and leaves no taste 
or odor of itself to taint or cause off- 
flavor in milk. 

The following tests show B-K to be 
far superior to that of the best-known 
poisonous disinfectants. 


Disinfectant (Organism; Dilu- | Time of 
used. used tion Action 


B-K 
Phenol (Carbolic 

Acid) je i 1— 
Formaldehyde ... 3 i 1—125 
Cresol (coal tar) B. Coli 1—200 


In this case, B-K diluted with 1,800 
parts of water, is a more-powerful, 
quicker-acting germ-killer than all the 
other disinfectants and sterilizers di- 
luted with only 80, 125 and 200 parts 
of water respectively .... and B-K 
was the only one that killed the germs. 


Other interesting data will be sent on 
request. 


GENERAL LABORATORIES, INC. 
529 Dickinson St., Madison, Wisconsin 


B-K is a quick-acting germ killer . . 
always uniform in quality, positive | 
in results, inexpensive to use, and 
manufactured under the strictest 
laboratory control. 


Bdachli 


OWERFUL GERM Kilige 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Tue Journat oF Darry Screncz is issued bi-monthly, appearing in January, March, 
May, July, September and November. Each volume will consist of approximately 
500 pages. Subscription is by the volume only and not by the year: One volume a 
year is issued at present. 

Twenty-five reprints without covers of articles will be furnished gratis to contributors 
when ordered in-advance. A table showing cost of additional reprints with an order 
slip is sent with proof. 

Manuscripts should be typewritten and carefully revised before submission and 
should be sent to Prof. A. C. Dahlberg, New York Agricultural Experiment Station, 
Geneva, New York. 

Correspondence concerning business matters should be addressed to The Williams & 
Wilkins: Company, Publishers of Scientific Journals and Books, Mount Royal and Guil- 
ford Avenues, Baltimore, U. S. A. 

Subscription price: $5. 00 per volume United States, and countries within the postal 
union; $5.59, countries outside the postal union. Prices are net, postpaid. 

Claims for copies lost in the mails must be received within thirty ys (domestic), 
ninety days (foreign) of the date of issue. Changes of address must be received at 
least two weeks.in advance of issue. 

New subscriptions and renewals are entered to begin with the first issue of the current 
volume. Should any issue of the current volume be out of print at the time the sub- 
scription order is received, the pro-rata value of such numbers will be credited to the 
next volume, and the renewal invoice therefore adjusted accordingly. 

Subscriptions should be renewed promptly—To avoid a break in your series, subscrip- 
tions should be renewed promptly. The publishers cannot guarantee to supply back 
issues on belated 

Subscriptions, new or renewal, should be sent to the Publishers or to Agents listed 
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SACTO.NUTRIENT AGAR 


The accepted product for use in making routine milk counts. Easily pre- 
pared, yielding uniform and comparable media. The 
all-requirements of “Standard Methods of Milk Anal 


BACTO-MALT AGAR 


Unequalled for the detection and enumeration of molds. Recommended in 
the reports of the American Dairy Science Association on methods.of butter 


examination. Readily made up for use.in the laboratory. 


Specify “DIFCO” 


THE TRADE NAME OF THE PIONEERS 
In the research and deyelopment of BactoePeptone and Dehydrated Culture Media 


DIFCO LABORATORIES 


i: 


DETROIT, MICHIGAN, U.S. A.. 
BACTERIOLOGICAL DIVISION of DIGESTIVE FERMENTS CO. 


POPULAR 


RESEARCH NARRATIVES 
VOLUMES II, 


Edited by Arrrep Frinn 


MARSCHALL 
RENNET anp COLOR 


Made in largest equipped 

THE MARSCHALL DAIRY LABORATORY 
MADISON, WISGONSIN 


| A Medical Man Looks At Golf 
| Mental Handicaps 


small ‘volumes! af $0’ five-minute ‘mm 
stories of research and invention by the ‘io 
men. who ‘did it’. Sponsored by Engi- || ‘THEO: 8, HYSLOP, 
neering Foundation. q Forewords by 

Each Volume, $1:00 ROLF CREASY 

The Williams & Wilkins Company | and 

Baltimore; U.S, A. JOHN. HENRY TAYLOR 
Hine times British Open Golf Champion — 


A small volume: of wisdom and advice 
on certain seldom: discussed phases of 
the ancient royal! game of golf. 

Green Site 112 pages: 


Price $1.50 
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